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Plants have always been u common souice of modicamenLs 
either in the form of traditional preparations or as pure active 
principles. In a survey done by WHO it has been estimated that 
809^  of more than 4000 million inhabitants of the world rely 
chiefly on traditional medicines for their primary health care 
needs and it can safely be presumed that a major part of traditional 
therapy involves the use of plant extracts of thoir active 
principles. In the developed countries too plant derived drugs 
are important. In USA, for example, 2'^% of all prescriptions 
dispensed from community pharmacies, contain plant extracts or 
active principles prepared from higher plants. 
It is mainly during the last 100 years that sortio of the 
active ingredients present in herbal prescriptions have been 
isolated and introduced into 'modern' medicine. Farnsworth et. 
al. pointed out in their review article that there ^rct atleast 
119 distinct chemical substances derived from plants that can be 
considered as important drugs current in use, A few of tlie drugs 
aj. o i-irnplo tiynLlioLic inodii ic n Lionn of naLurnlly occuilng r.ub-
stances. In some instances, the natural products have now been 
replaced by commercially available synthetic products. Thus the 
drugs derived from plants still occupy an important position. 
In the present studies we have carried out systematic 
chemical investigation of three important medicinal plants 
and isolated and elucidated the structures of a number of 
compounds, including six new constituents. These products 
may be helpful to other researchers who are mainly concerned 
with biological activity of herbal constituents. 
The theoretical part of the thesis Includes a critical 
review of the chemistry of flavonoidic compounds and high-
lights the recent advances in the analytical techniques applied 
to their isolation and structure elucidation. 
The different compounds isolated from these plants 
belonging to different families are as follows: 




III Naringonin 7~0-a-L-rhnninor,y 1 (l—>'l)rhiamno;i 1 do : A now 
flavanone dirhamnoside. 
(Paper accepted in J.C.R.(M) Nov. 1990). 
IV Dihydrokaompferol 3-0-a-L-rhamnoKido 5-0-p-D-glucoside -
A new dihydroflavanol diqlycoside 
(Paper accepted in J.C.R.(M) NOV. 1990). 
3 
2, Flavonoids from the leaves of Fieus Infector ia 
(Moraceae). 
I Apigenin 
I I Luteolin 
I I I Sorbifol in 6-0-glucosicle 
(Paper presented in '78th Session of the Science Congress' 
3rd to 8th Jan. 1991, Indore). 
IV Luteolin 6-0-p-D--glucopyranoside-3'-O-a-L-rhamnopyranoside ~ 
A new flavone glycoside. 
(Paper published in J.C.R.(S), 396-97 (1990)). 
V Apigenin-6--0--^-D-galactopyranoslde (1—>2)rhamnopyranoside -
A new glycoside from the Ficus infectoria. 
(Paper accepted in J.C.R.(S) Dec. 1990) and presented in 
'78th Session of the Science Congress' 3rd to 8th Jan. 1991, 
Indore. 
3. Flavonoids from the Cassia biflora Linn. (Leguminosae) 
I Kaempferol 7-0-^-D-galactopyranosyl (l—>4) rhamnopyranoside 
a new f l.ivone glycoside. 
(Paper accepted in 'Fitoterapia', 21 Jan. 1991). 
II Quercetin 3-0-jP-D-glucopyranosyl (1—>6) rhcimnopyranoside. 
III Myricetine 3-0-p-D-rhamnopyranoGicle. 
CHEMISTRY OF NATURAL PRODUCTS 
Thesis Submitted for the Degree of 





Department of Chemistry 






PHONE : 25515 
DbPAUTMENT Ol< CHEMISTRY 
Ai^IGAKU MUSLIM UNIVliUSlTY 
ALIO AK.H—202 002 
CERTIFICATE 
This is to certify that the work described in the 
thesis entitled 'CHEMISTRY OF NATURAL PRODUCTS' is the 
original work of the candidate and is suitable for sub-
mission for the award of Ph.D. degree in Chemistry. 
Uc,,, 
( P r o f . M. I l y a s ) 
S u p e r v i s o r 
Acknowledgement 
It gives me great pleasure to express my deep sense of 
gratitude to Prof. M. Ilyas and Dr. M. Kamil who directed these 
researches, for their unstinted help, incessant encouragement, 
segacious and Inspiring guidance throughout the work. 
I am indebted to Prof. S.A.A. Zaidi, F.x-Chalrman, and 
Prof. M.A. Beg present Chairman, Department of Chemistry for 
providing necessary research facilities. 
I wish to express my heartful and sincere thanks to 
Mrs. Neeru Jain for her suggestions and valuable discussion. 
Thanks are also due to Dr. Jawaid Iqbal, M. Ayub Khan, M. Sohrab 
Khan and Shafiullah for their cheerful campanionship. 
In the last, but certainly not the least, it is with 
immense pleasure that I place on record my Indobtnoss and 
heartfelt gratitude to my father Ch. Bashir Ahmad Ghatyalian 
and noble person Mirza Tahir Ahmad who has been instrumental 
and tremendous source of inspiration in the accomplishment of 
this work. 
( MARSC")OH 7\HMAD ) 
Dedicated to my 
Loving Parents 
C O N T E N T 
CHAPTER ONE PAGE 
INTRODUCTION 1 - 6 
REFERENCES 7 - 9 
CHAPTER TWO 
THEORETICAL 10 - 43 
REFERENCES 44 - bl 
CHAPTER THREE (Tecoma qrandiflora) 
DISCUSSION 52 - 66 
EXPERIMENTAL 67 - 78 
REFERENCES 79 - 80 
CHAPTER FOUFi (Flcus inf ec torla) 
DISCUSSION 81 - 100 
EXPERIMENTAL 101 - 117 
REFERENCES 118 
CHAPTER FIVE (Cassia blflora) 
DISCUSSION 119 - 131 
EXPERIMENTAL .132 - 142 
REFERENCES 143 





Traditional systems of medicine, which have served man 
through the ages to alleviate suffering and disease in various 
parts of the world, have been recognised by WHO as an essential 
building block for primary health care. One of the chief contri-
butions that traditional medicine has made to health is the 
1 2 discovery is the discovery and use of plants of medicinal value ' . 
Unani-Tibb and Ayurveda are the two forms of traditional medicine 
most commonly used in India. As a rough estimate the percentage 
3 
of the population of India using traditional medicine is 60-70 . 
Plants have always been a common source of medicaments 
either in the form of traditional preparations or as pure active 
principles. In a survey done by WHO it has been estimated that 
80!^  of more than 4000 million inhabitants of the world rely 
chiefly on traditional medicines for their primary health care 
needs and it can safely be presumed that a major part of tradi-
tional therapy involves the use of plant extracts or their active 
4 
principles . In the developed countries too plant derived drugs 
are important. In USA, for example, 25% of all prescriptions 
dispensed from community pliarmacies, contain plant extracts or 
5 6 
active principles prepared from higher plants * . 
It is mainly during the last 100 years that some of the 
active ingredients present in herbal prescriptions have been 
4 
isolated and introduced into 'modern' medicine. Farnsworth et al. 
pointed out in their review article that there are alteast 1.19 
distinct chemical substances derived from plants that can be 
considered as important drugs current in use. A few of the 
drugs are simple synthetic modifications of naturally occuring 
substances. In some instances, the natural products have now 
been replaced by commercially available synthetic products. 
Thus the drugs derived from plants still occupy an important 
position. Some important biological actions of naturally 
occuring compounds are described below: 
BIOLOGICAL ACTIVITY OF FLAVONOIDS 
The structure and features of flavonoids considered to be 
of importance In biological functions are (i) the presence of an 
extended conjugated resonating system with a carbonyl chromo-
phore (ii) the presence of aromatic hydroxyl groups, which lead 
to the ability of flavonoids to interact with certain enzyme 
systems and (iii) their molecular sl\ape which is responsible for 
their physiological activity due to their similarity in structure 
to the animal hormones . 
The biological function of tliis group of compounds in man 
and animal was first suggested by Szent-Gyorgyi in 1938 who 
reported that the flavonoids present in the citrus peel were 
effective in preventing capillary bleeding and fragility asso-
ciated with scurvy. He named this inlxtu.ro oJ ( lavonoids as 
9 
vitamin 'P'. A review of the numerous communications in this 
area which appeared in 1968 established that flavonoids contain-
ing free hydroxyls at 3,3',4« positions exert beneficial physio-
logical effects (gossypetin being highly active) on capillaries 
through the following ways: (a) chelate formation with metals, 
thereby inhibiting oxidation of ascorbic acid, (b) protection of 
epinephrine by inhibition of the 0-methyl transferase enzyme, 
which is said to be responsible for maintaining capillaries in 
satisfactory condition and (c) stimulation of the pituitary-
adrenal axis. 
The action of natural flavonoids on heart was demonstrated 
as early as 1936, the unsubstituted parent compound, flavone, 
exerts coronary dilatory activity and is commercially available 
under the name 'Chromocor', its combination with rutin and iso-
quercetain is also a commercial preparation under the name 
'Flavo Ce', useful in the treatment of arteriosclerosis. 
Several studies on antiinflammatory activity in flavonoids 
have been conducted during the last about 20 years. 
A stable pharmaceutical composition consisting of neomycin 
and a topical antiinflammatory flavonoid in a suitable carrier 
12 has been patented for the treatment of acne . Another patent 
was taken on xanthorhamnin as an inflammatory agent. It was 
isolated from the seeds of Blminnus infectorigi an(i recommended 
for use in ophthalmology, particularly for topical treatment of 
collyria and in rlieumatoid conditions. 
The diuretic effect of myricetin, morin and kaempferol in 
rabbits was observed as early as 1931; the potency increased 
13 
with increasing number of hydroxyl groups . Flavonoidal glyco-
sides e.g. quercitrin, rutin, kaempferol-3-rhamnoglucoside and 
myricetin, luteolin, also were found to exhibit diuretic 
14 
activity 
Spasmolytic effects of 30 flavonoids were studied on rat 
15 
small intenstine previously treated with BaCl^ as spasmogen 
As a rule, the highest activity was shown by aglycones; the 
activity increased with increasing number of hydroxyl groups. 
They were most active if the hydroxyls were in positions 7 and 
4' in flavones; 3, 7 and 4* in flavonols; 4 and 4* in chalcones; 
and 7 in flavanones. In glycosides, the spasmolytic activity 
also depended on the position and nature of the sugar moiety 
In a patent, I'uteolin is characterized with hypocliloretic and 
17 
spasmolytic activity 
The antimicrobial activity of many naturally occuring fla-
vonoids was studied and quercetin was found to completely inl\ibit 
the growth of Staphylococcus aureus at a concentration of 0.1 mg/ 
18 
ml . Fisetin completely inhibited the growth of S. albus at a 
concentration of lOiag/ml and S. aureus at 40)ig/ml in liquid 
broth media. Thus, the antibacterial effect of fisetin was 
abolished when the double? bond between C-2 and C-3 or the OH 
19 group on C-5 was removed . Chlorflavonin is the first chlorine 
containing flavonoid type antifungal antibiotic reported to be 
20 
produced by strain of Aspergillus candldus . Several flavonolds 
were found to exhibit prophylactic action against fixed rabies 
virus in mice. Of these quercetin and quercitrin showed singifi-
21 
cant and rutin promsing activities . Quercetin was viricidal 
at a concentration of lOOfig/ml to human and procine strains of 
herpes virus and parainfluenze virus, as measured by subsequent 
infectivity in human cell lines (HeLa cells). 
Several flavonolds have been found to be moderately active 
against laboratory cultures of malignant cells. Eupatin, eupa-
22 23 
toretin centaureidin and 6-demethoxy centaureidin are moder-
ately effective against carcinoma of nasopharynx (KB). An anti-
tumorgenic flavanone iyol<jted from the spots ol Sophora sp. has 
24 been patented" , Tl\e effects oi flavonolds have been claimed in 
the treatment oi radiation sickness " , thyroid disorders " ' 
and gastric and duodpnal ulcers 
Some flavonolds have been studied for their antidiabetic 
activity. It has been found that chromone ring is responsible 
for manifestation of hypoglycaemic activity, presence of lateral 
phenyl ring at C-3 of chromone ring as isoflavones is responsible 
for intensification and prolongation of hypoglycaemic activity 
and the activity is further affected by substituents and their 
positions, nature of carbohydrate radical and level of glycosy-
29 lation of flavonolds 
Although the enzyme inhibitory actions of f icivonoids are 
known since long, but recently some studies have been directed 
towards ascertaining the relationship between chemical structure 
and enzyme inhibitory effect. It was found that C--4' substituted 
flavonoids stimulated the action of indoleacetic acid oxidase 
and the C-7 hydroxyl group increased this stimulating effect 
considerably. In 3',4'-i^ydroxyIs conLalning flavonoids, on the 
30 
contrary, an inhibition of enzyme activity occurred 
In the present study, we have tried to carry out systematic 
chemical investigation of the important Indigenous medicinal 
plants with a view to characterise their chemical components 
which could be a starting point for researchers who are mainly 
concerned with the pharmaco.1 oi.jlcal and clinical asp'^ ctr. of those 
herbal drugs. It is interesting to note that the main constitu-
tent of the plants were found to bo iJavonoidal in character. 
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Chapter Two 
THEORETICAL 
CHAPTER - TWO 
THEORETICAL 
The chemical investigation of plants has been a favourite 
area of research in organic chemistry leading to the isolation 
of a number of new compounds and elucidation of structure of 
many novel and complex molecules. Flavonoid constitutes one 
of the most characteristic and largest group of naturally occurr-
ing phenols in higher plants. Many flavonoids are easily recog-
nized as flower pigment in most angiosperm family. However, 
their occurrence is not restricted to flowers only but includes 
all parts of the plant. The major flavonoids occur almost uni-
versally in higher plants, including mosses and ferns. Despite 
several positive reports, the occurrence of flavonoids in 
bacteria, algae and fungi is doubtful . 
The structure of flavonoids, which form a large group of 
biosynthetically hybrid molecules, derived from a combination of 
shikimic acid and acetate precursors by claisen condensation stop, 
are based on a C,^ skeleton with a chromane ring bearing a 
second aromatic ring (ring B) in position 2,3 or 4 (l). In few 
cases, the six membered heterocyclic ring (ring C) occurs in an 
isomeric open form or is replaced by a five membered ring. 
( I ) 
11 
Various subgroups of flavonoids are classified according 
to the substitution patterns of ring C. Both the oxidation 
state of the heterocyclic ring and the position of ring B are 
important in the classification. Examples of six major subgroups 
[Chalcones (ll), Flavanones (III), Flavones (IV), Flavonols (V), 
Anthocyanidins (VI) and Isoflavones (VII)] are given in Chart-I. 
All of them bear B ring in the position 2 except in isotlavones 
in which the ring B occupies position 3. A group of chromane 
derivatives with ring B in position 4 [4-phenylcoumarins([ieo-
flavones)(VIII)] is treated together with other coumarin deri-
vatives. Another small group comprises oligomeric flavonoids 
biflavonyls (IX), and proanthocyanidins (x). 
Altogether there are many hundreds of differently substitu-
ted flavonoid aglycones which have been very systematically re-
viewed by Wollenweber and Dietz , Most of these occur as glyco-
sides with different combination of sugars attached hydroxyl 
groups. The sugars^are often further substituted by aryl residues 
the details of which are described in later part of this thesis. 
The flavonoids are of commercial interest as antioxidants 
for fgito and oilo ' . Tho antioxidant proporLy of flavonoldr. has 
been studied. RobeneLin and gossypetln were claimed as the most 
potent and of economic important in the tanning of leather, the 
fermentation of tea, the manufacture of cocoa, and in the flavour 
qualities of food stuffs^'^. 
( I I ) ( I I I ) 
OH 0 
( IV) (V) 
OH 
( V I ) 
C h a r t - I 
( V I I I ) OH O 
( I X ) 
C h n r t ~ I 
12 
Numerous physiological activities have been attributed to 
-t 
flavonoids . The potent uses of flavonoids may be listed as 
heart stimulants , antiviral effects , antifungal activity , 
antihemolytlc activity , antibacterial activity , contracep-
tive drugs-^^, anthelmintic activity , Vit. P activity , 
spasmolytic and nntihisatamlno nctlvlty , anti liypnrtonnivr' 
17 IR 
action , treatment of allergic diseases , analgesic and 
19 bronchodilator effects etc. 
Recently new trends in pharmacoloyic.il research of flavo-
noids have been elaborated. Flavonoids have been used as free 
radical scavengers and as uncouplers of oxidative phosphory-
lation. In extensive screening programmes of plant products 
for anticancer drugs, it is not surprising that claims have been 
made that flavonoids may contribute to, or be effective in 
combatting certain types of cancer. Several flavonoids are 
moderately active against laboratory cultures of malignant cells 
Eupatin, eupatoretin, eupatorin, centaureidin and 3,4'-dimethyl 
quercetin are quite active against Eagles carcinoma of the 
20-22 
nasopharynx in cell cultures. The effect of flavonoid on 
cancer cells in various pharmacokinetics of a new flavanolignan 
couple has recently boon K tuci I od-*-^ . 
13 
The term glycoside embraces a large and remarkably varied 
group of organic compounds having the properties in common of 
furnishing saccharides or their oxidation products, the glycones 
and one or more other substances (not in frequently aromatic in 
nature) the aglycones, when hydrolysed by acid or a specific 
hydrolytic enzyme. In combination with sugars, representative 
of nearly all classes of compounds occur in plants, cliiefly in 
fruits, in flowers and barks. These compounds corresponds in 
structure to the simple synthetic methyl glucosides having heml-
acetal linkage and accordingly a glycoside can be represented by 
a general formula (Xl) where R stands for the non-sugar moiety. 
CH2OH 
O — n 
(XI) 
Glycosides are thus regarded as derivatives of sugars in 
which the reducing or the potential aldehydic group of the sugar 
is substituted by condensation with an alcohol or a phenol to 
form a hemiacetal. The oligo- and polysaccharides are also the 
glycosidic condensation pro'i\jcts of monnr,ncch.'\ridor,, one of the 
14 
component sugars behaving as a reducing sugar and the other one 
acting as an alcohol. Customarily, they are neither included 
nor dealt with glycosides for they fail to furnish a non-sugar 
part - the aglycone on hydrolysis. 
The classification of glycosides is based upon the nature 
of aglycone. The aglycones includes representatives of many of 
the nutuorous yroup of hydioxyl compoundft occurincj in plants, 
ranging from small molecules such as ethyl alcohol, acetone, 
cynohydrin to large ones such as trilorponos, steroida (Cardiac 
glycosides, saponins etc.), hydroxyanthoquinones, anthocyanins 
and anthoxantliins. 
Besides 0-linked glycosides, some of the C-glycosides (a 
direct C-C link between the sugar and the non-sugar part) have 
been known for over a hundred years in crystalline form, but it 
has been only during last two decades that they have been exten-
sively studies. 
O-Glvcosides 
Flavonoid derivatives can have a great diversity of 
structures. These C,^ compounds commonly have a number of 
hydroxyl groups on both the A and the B rings. The flavonols, 
flavanonols and anthocyanidins have a hydroxyl group at C-3 too, 
This polyhydric cliaracter together wit.h the fact that a number 
15 
of different monosaccharides may form glycosides either as 
single residue or as oligosaccharide means that many glycosidic 
forms are possible. 
The flavonols constitute the largest and most variable 
class of flavonoid glycosides. The hydroxyl group at C-3 is 
usually, but not always, glycosylated. In flavones and flava-
nones glycosylation occurs mainly at C-7,4',6 and 8 hydroxyl 
groups and occasionally at C-5. 
The general nature of phenol and the linkage between carbo-
hydrate and phenol is most important in the study of glycosides. 
Carbohydrates consists of pentoses, hexoses, 6-deoxyhexoses, 
hexuronic acids, disaccharides and linear and branched trisaccha-
rides. 
Monosaccharides 
Ten monosaccharides found to occur in association with 
flavonos and flavonols aro llstofl In Tablo-.l. Amongr.t thor.p 
ten monosaccharides, arabinose is definately known to occur in 
both pyranose and furanose forms while other sugars (except 
apiose) are normally in the pyranose form. Galacturonic acid 
and glucuronic acid are found to occur as the methyl ester. 
16 
Table-1 ; Monosaccharides of flavone and flavonol glycosides 
Pentose Hexoses Uronic acids 
D-Apiose D-Allose D-Galacturonic acid 
L-Arabinose D-Galactose D-Glucuronic acid 
D-Xylose D-Glucose 
L-Rhamnose D-Mannose 
The nature of the linkage of the monosaccharide to thie 
phenolic hydroxyl is the point of significance. This is usually 
assumed to the /3- for glucosides, yalactosides, glucuronides 
and xylosides and a- for arabinosides and rhamnosides. However, 
23 
exceptions do exist since a p-linked 3-arabinosides of quercetin 
is well known and other ^-linked arabinoside may be present in 
plants. On the other hand, a-linked glucosides and galactosides 
are also possible and need to be distinguished from the much more 
common /J-derivatives ' . 
Disaccharides 
Twenty one disacchiarides have been fully characterized to 
25 
occur as the component of flavone or flavonol glycosides . 
However, apart from these, there are still many diglycosides 
which have not been lully characterized. 
17 
The first disaccharide based on glucose and galactose have 
been characterized, i.e. glucose (^  1 — > 4) galactose and gala-
ctose (^  1 — > 4) glucose, as have two disaccharides based on 
25 
glucose and mannose . The first digalactose, galactose 
(P 1—> 4) galactose reported in the literature is a myricetin 
derivative from Vitex nequndo, 
A novel disaccharide, galactose (a 1 — > 4) rhamnose, has 
27 been isolated from the root bark of Artocarpus lakoocha . In 
this disaccharide the normal order pentose hexose is reversed 
and the rhamnose is directly linked to the flavonol with the 
galactose as the terminal sugar. Recently a new disaccharide 
O Q 
of this type has been isolated from the leaves of Mesua ferrea 
This disaccharide occurs linked to the 3'-hydroxyl of 5'C-methyl 
eriodictyol. 
Trlsaccharide 
The presence of trisaccharides in flavonoids is confined 
to flavonols as either kaempferol and or quercetin or simple 
methyl ether of these aglycones. So far 17 trisaccharides have 
29 been fully characterized 
C-Glycosides 
C-Glycosylflavonoids (C-glycoflavonoids) occur widely in 
nature and the field of C-glycosylflavonoids has grown rapidly 
18 
in rocont ye^ jrti. Tlu' aylycoheo Involved boloruj to dilferonL 
types, and so far, representatives have been found in the groups 
of anthrones, anthraquinones, flavones, flavonols, dihydrochal-
cones, xanthones and isocoumarins. Due to their resistance of 
acid hydrolysis, the nature of sugar moiety and its linkage with 
aglycone have remained the most difficult problem in C-glycosyl 
chemistry. The structure elucidation of C-glycosides has now 
"led h) 
30,31 
13 been simplifie by the invent of C~NhAR spectroscopy and mass 
spectrometry 
C-Glycosylflavones often occur in nature as 0-glycosides 
and most of these are monosides. They can be divided into two 
types (i) X (or -X')-0-glycosyl C-glycosylflavones, in which the 
0-glycosyl moiety is bound to a phenolic hydroxyl group of the 
flavone and (ii) -X'•-0-glycosyl C-glycosylflavones (C-diholosyl 
flavones) in which the 0-glycosyl moiety is bound to an alcoholic 
hydroxyl group of the C-glycosyl residue. 
In both types, the 0-glycosyl group and the C-glycosyl-
flavone can be easily identified after acid hydrolysis. In the 
first type the 0-glycosyl position can be deduced from the 
comparison of UV spectral shifts before and after hydrolysis, 
as in the case of flavone 0-glycosides. In the second type, 
however, the UV spectral shifts remain unchanged after hydrolysis 
and location of the 0-glycosld1c bond is much iiiorp difficult 
than in the case of flavone-0-diholosides, since the C-glycosyl 
19 
moiety can't be deteched from the flavone by acid hydrolysis. 
Acylated glycosides 
The flavonoid glycosides also occur in acylated form with 
acids, such as p-coumaric, caffeic, sinapic, ferulic, gallic, 
benzoic, p-hydroxybenzoic, acetic and malonic. The most common 
acyl groups appear to be p-coumaric, gallic, acetic and ferulic 
acids. Monoacylation is usual, but substances with two same or 
32 33 different acyl groups have been reported * . Several pairs 
of isomeric acyl derivatives are known. These may occur together 
in the-same plant while acyl migration might possibly occur 
34 35 during isolation and handling ' 
Acylated glycosides may be recognized by their high chroma-
tographic mobility on paper in solvents such as 1£^ acetic acid 
and phenol and low mobility in water, when compared with the 
corresponding unacylated glycosides. Acylated glycosides have 
also distinctive spectral properties, those acylated with aro-
matic acids are readily distinyulshed by UV spectroscopy, since 
the aromatic acid absorption is superimposed on the normal 
flavonoidic spectral bands. The acyl groups can ll\en be removed 
by mild alkaline hydrolysis and tho acid present recovered and 
identified by standard procedures. 
The usual linkage ol acyl <jroijp i r. Lhioucjh ono of tho 
sugar hydroxyls and any one of the three or four free hydroxyls 
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may be involved. The direct linkage of acyl group to a 
1. u ^ 1 1 . 1 1 36-38 phenolic hydroxyl also occasionally occurs 
The most complex acyl derivative reported in the literature 
is probably an acacetln derivativo fTom Cop bin japonicc'n l^avps, 
which not only has three acetyl residues attached variously to 
two different monosaccharide units, but also contains the only 
39 known tetrasaccharides, namely 6-rhamnosylsophorotriose 
ULTRA-VIOLET SPECTROSCOPY 
UV spectroscopy has became a major technique for the struc-
ture analysis of flavonoids for two main reasons. The first is 
that only a small quantity of pure material is required. The 
second reason is that the structural informations obtained about 
flavonoids from UV is considerably enhanced by the use of specific 
reagents which reacts with one or more functional groups on the 
flavonoid nucleus. The addition of these reagents separately to 
an alcoholic solution of the flavonoid induces structurally 
significant shift in the UV spectrum. The commonly used shift 
reagents , are hodluiri ineLhoxide (NaUMe), sodium acetate (NaOAc) 
sodium acetate/Boric acid (NaOAc/H3B03), Aluminium chloride (AICI3) 
and Aluminium chloride/Hydrochloric acid (AICI3/HCI). 
The UV spectra of most flavonoids consists of two major 
absorption maxima, one of which occurs in the range of 240-2B5nm 
(Band II) associated with A-ring Benzoyl system (XII) and second 
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higher wavelength band ( l ) , occur in the range of 320-380nm, 
41 assoc ia ted with B~ring cinnamoyl absorpt ion (XII l ) 
O -
( XII ) ( XIII ) 
Substitution in B-ring specially at 4' stablizes the 
cinnamoyl chromophore resulting in a bathochromic shift of 
band I whereas substitution in the A~ring has a similar effect 
on the position of Band II. The presence of a free hydroxyl 
group at C-5 and C--3 position is established by measuring the 
40 
spectra in the presence of AlCl-, . Compounds having a free 
5'-hydroxyl group absorb at higher wavelength and methylation 
of this hydroxyl group brings about a hypsochromic shift of 
10-15 nm of botJi bands. The hydroxyl cjroups at C-7 and 4* 
position are more acidic than othorr, and tholr occurance is 
established by bathochromic shift of Band I and Band II on the 
40 
addition of fused sodium acetate . The presence of hydroxyl 
group at 4* position is also confirmed by a large bathochromic 
shift in Band I without a decrease in intensity on the addition 
40 
of sodium methoxide . The presence of ortho-dihydroxyl group 
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in ring A and ring B is identified by a bathochromic shift in 
Band I in the presence of AICI3/HCI and sodium acetate/Boric 
acid respectively. 
In flavanones and isoflavones, due to the absence of 
cinnamoyl chromophore the high wavelength band is either totally 
absent or present only as inflection. Thus it is difficult to 
distinguish between flavanones and isoflavones with the help of 
UV spectrum alone. 
The ultra-violet spectra of biflavonoids are very similar 
to that of the monoflavonoid unit with the only difference that 
the molecular extinction coefficient (£) of the biflavone is 
approximately double as compared to the corresponding monofla-
vonoid. This demonstrates the presence of two isolated chromo-
phores of flavonoids per molecule of biflavonoid . 
INFRARED SPECTRA 
The Infra-red spectrum provides a valuable information of 
functional groups in molecule. The IR spectrum of flavone shows 
Uie carbonyl band at 1660 cm (SD Aromatic C=0, 1670 cm" ) 
owing to the conjugation with olefinic double bond. Introduction 
of a hydroxyl group at b-position docs not alter thio band position 
appreciably. Luteolin and apiyenin shows the carbonyl band at 
1655 and 1660 cm"-^  respectively'^^. 
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The IR spectrum of flavanone shows the carbonyl absorption 
at 1680 cm" , the standard value for aromatic ketones. The 
shifts of carbonyl band to 1620 cm" in 5-OH flavonone is largely 
due to electron donation by the orthohydroxyl group, coupled 
with chelation. Consequently methylation of the 5-OH produces 
only a small hypsochromic shift of 10 cm" . A similar shift 
towards long wavelength of 4'-substituted flavanone is however, 
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attributed to intermolecular hydrogen bonding . The IR spectrum 
of isoflavanones are similar to those of flavones. Chelation 
of the 5-OH in all cases has the effect of broading the 0-H 
stretching band to a point where it can no longer be made out. 
The IFi spectra of alkylated flavonoids give some indication of 
the presence of or absence of gem-dimethyl groups and an 
epoxide linkage but these points can now be better established 
with the help of NMR spectra. 
NUCLEAR MAGNETIC RESONANCE (NMR) SPECTROSCOPY 
Since flavonoid compounds contain, in general, very few 
protons nuclear magnetic Resonance spectroscopy is a useful tool 
in the structure elucidation of this class of compounds. By 
4.P. 
the use of NMR studies of Silyl derivatives , Double irradiation 
46a 
techniques , Solvent induced shift stuniGs"^^^"^®, Lanthanide 
induced shift studies (LIS) one can como to the structure 
of flavonoids without tedious and time consuming chemical degra-
dation and syntheses. 
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The valuable contribution in this field have been made by 
Batterham and Highet^^, Mabry^^, Masslcot^^^*'^, Clark-Lewis^^, 
Kawano * and Pelter and Rahman . These studies have been 
simplified the task of determining the substituion pattern of 
flavonolds with the help of spectroscopy. The most commonly 
occurring hydroxylation pattern in natural flavonoid is 4',5,7-
txihydroxy system (XIV). 
( XIV ) 
40 
A number of workers have prefered to use the TMSi ether 
derivatives of flavonoids with CCl^ as solvent. The trimethyl 
silyl ether derivatives can be convenietly prepared by treatment 
of the compound with hexamethyl disilazane and trimethyl silyl 
chloride in pyridine and the spectrum is then measured in carbon 
tetrachloride with tetramethyl silane as external or internal 
reference. The most important advantages that this system offers 
are (i) all liydroxy flavonoids und Llioir glyc (M, Ides may tl^rivo-
tlzed and rendered CCl^-Soluble (ii) There aro no interfering 
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signals and no deuterated solvent is required, (iii) The sample 
is readily recovered by treatment with aqueous methanol (iv) 
Partial trimethyl silylation can yield information about C-3, 
6 and 8 substitution and (v) TMSi ethers are readily converted 
40 into acetate or methyl ethers 
Nuclear Magnetic Resonance in trimethyl silylated flavonoids 
normally occurs between 0 and 9 ppm. The chemical shifts of 
the protons of ring A and B proves to be independent of each 
other but are affected by the nature of ring C. 
A-Rinq Protons 
The peaks arising from ring A protons in most flavonoids 
occur upfield from other peaks and are readily recoynizod. 
There are different types of substitutions in the ring A among 
the flavonoids. 
(i) H-5. H-6 and H-8 signal in 7-oxvqenated flavonoids 
The additional C-5 proton in these compounds is strongly 
deshieled by the 4-keto group and its signal appears at a very 
low field (d 8.0 ppm). It appears as a doublet (J = 9Hz) due 
to ortho coupling with H-6. The signals for H-6 (a, cjuartot, 
q, J = 9Hz and 2.5Hz) and H-8 (a, doublet, d, J = 2.5Hz) occur 
at lower field than in the 5,7-dihydroxyflavonoids and may even 
reverse their positions relative to one another. 
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(ii) 6-H and 8~H protons in 5.7-dloxvaenated flavonolds 
The two A ring protons, H-6 and H~8 give rise to two 
doublets (J = 2.5Hz) in the range 6 5,7 - 6.9 in flavones, 
flavonols, isoflavones etc. The H-8 doublet occurs consistently 
downfleld than the signal for the H-6. H-8 and H-6 doublets are 
also clearly distinguished from each other by their widely 
different paramagnetic induced shifts. Depending upon the 
nature of the substituents the chemical shift may vary accor-
dingly. For instance when a sugar is attached to the oxygen 
at C-7 the signal for both H-6 and H-8 are shifted downiield. 
(iii) H-6/H-8 Signal in 5.7>8/5.6.7-trisubstituted flavonoids 
NMR provides the requisite information for differenttia-
ting 6 or 8 substituted isomers of 5,7,8/5,6,7-trisubstituted 
flavonoids with a high degree of surety. Horowitz and Gentili"^^ 
were able to fix up the structure for the two isomers of Vitexin, 
viz. vitexin and Isovitexin. The H-6 proton Hiynal appears .it 
about d 0.2-0.3 ppm upfield than H-8 signal. 
B-Ring Proton 
All B-ring protons appear around 5 6.7-7.9 ppm, a region 
separate from the usual A-ring protons. Thp signals from the 
aromatic protons of a substituted B-ring in a flavone appears 
as a broad peak centered at about 6 7.45. The presence of C-ring 
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double bond causes a shift of 2',6'-protons and the spectrum 
shows two broad peaks one centred at d 8.00 (2',6') and the 
other at d 7.6 (3',4',5*) . The presence of substitution in 
one or more position causes a change. 
(i) H-2'.6' and H-3'.5* signal in 4*"0xvqenated flavonoids 
With the introduction of 4'-hydroxy group, the B-ring 
protons appear effectively as a typical four peak pattern of 
two doublets called A2B2 pattern (j «= 8Hz each). The H-3' and 
H-5' doublet always occur upfield from the H-2',6' doublet due 
to shielding effect of the oxygen substituent and to the deshiel-
ding influence of C-ring functions on H-2' and H-6'. The 
position of H-2' and H-6' signal depends to some extent on the 
oxidation level of ring C. 
(ii) H-2'.H-5* and H-6' signals in 3'.4«-dioxyqenated flavonoids 
The NMR spectrum of 3', 4'-dloxycjenated flavonoidR are a 
bit complex and gives the normal ABX pattern. The H-5' proton 
in flavones and flavonols in such system appears as a doublet 
centered between d 6.7 and 7.1 ppm (J = 8Hz) and the H-2' and 
H-6' signals, which often overlap, usually between d 7.2 and 
7.9 ppm. 
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(iii) H~2' and H-6' protons in 3',4*.5'-trloxvaenated flavonolds 
In 3',4«,5«~trlhydroxyiated flavonolds H-2' and H-6' aro 
equivalent and appear as a two proton singlet in the range 
d 6.5-7.5 ppm. Methylation shift of about 1 ppm downfleld when 
the compound is analysed in DMSO-d^. 
(iv) H~2 and H-3 signals in flavanones and flavanonols 
The spectra of flavones (saturated heterocyclic ring) 
contain typical ABX pattern multiplets arising from the C-2 
proton and the two C-3 protons. The C-2 proton is split by 
the C-3 protons in to quartet (J^<„ = 5Hz, J.^^„^ ° llHz, double 
CIS xrans 
doublet) and occurs near 6 5.2 ppm, the precise position depend-
ing on the substitution of ring B. The two C-3 protons occurs 
as two quartets (J^-Sa H-3b ~ •J'-'^Hz) at d 3.0. However, they 
often occur as two doublets, since two signals of each quartet 
are of low intensity. 
The C-2 proton in dihydroflavonols appears near d 4.9 as a 
doublet (J = llHz) coupled to the C-3 proton which comes at 
about d 4.2 as doublet^^. 
Hydroxy Protons 
The position of hydroxy groups in Ilavonoids can not be 
detected by NMR spectra of their trimethylsilylated derivative 
and thus cannot be used for their detection. The NMfi spectra 
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of parent compound in DMSO-d,, however, can give good informa-
tion for the detection of phenolic hydroxyl protons. The 
hydroxyl protons of 3,5,7-trihydroxyflavone occur at d 12.40 ppm 
(5-OH), 10.93 ppm (7-OH) and 9.70 ppm (3-0H)^°. 
Sugar Protons 
The sugar protons in the flavone glycosides are denoted as 
C-1'', C~2•' and so on while the protons of the terminal sugar 
in disaccharides are designated as C-1''', C-2''' and so on. In 
the PMR spectra of TMS derivative of the glycoside, the non-
anoineric protons resonate between d 2.9-4.3 wliile the anomorlc 
protons resonate between 5 4.3-5.8. The axial anomeric protons 
are observed between d 4.3-5.0 and the equitorial anomeric 
protons between d 4.7-5.8. The chemical shift of the C-1'', 
proton of the sugar directly attached to the flavonoids hydroxyl 
group depends both on the nature of the flavonoid and on the 
position and stereochemistry of the attachment of it. For 
instance in flavone glycosides with sugar on either C-5, C-7 or 
C-4' the C-1'' proton signal appear near d 5.0, while in flavonol 
3-0-glycosides the C-1'' proton signal appears much more down-
field i.e. at about d 5.8. The coupling constant of C-1'' proton 
with C-2'' proton in p-linked glycosides is about 7Hz , due to 
diaxial coupling. In the naturally occurlng a-llnked rhamnosides, 
the diequitorial coupling between H-1'' and H-2'' give rise to a 
coupling constant of only 2Hz , The rhamnose C-methyl appears 
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as a doublet (J = 6.5Hz) or multiplet in the region d 0.8-1.2. 
In flavonoids dlglycosides, the C-1, proton of the terminal 
sugar (H-l*'), being relatively remote from the flavonoid nucleus, 
resonates upfield from H-l*'. The extent, however, can vary 
depending upon the position of attachment of terminal sugar 
Methylated and acetylated t^^toz derivatives have also been 
used for disaccharide linkage determination. 
/ycet^ vl and Methoxyl Protons 
In the NMR spectra of acetylated flavonoids (CDClo) the 
position of methyl signals of acetyl group can also give a 
useful informations about the position of acetyl group by which 
the position of the hydroxyl group can be confirmed. The methyl 
signals of 4'- and 7-0-acetyl group appear in the range d 2.30-
2,35 ppm. While the methyl signal of a b-0-acetyl group appears 
at about 5 2.45 ppm. The aliphatic acetoxyl signals of sugars 
generally appears in the range of d 1,65-2.10 ppm. The position 
of the aliphatic acetoxyl group of sugars also help in the 
location of sugar moiety in C-glycosylflavonoids . Within the 
aliphatic acetoxyl group signals, the 2''-0-acetyl signal appears 
at d 1.70-1.75 ppm in 8-C-glycosylflavonoids and d 1.80-1.83 ppm 
in 6-C-glycosylflavonoids and 6'^-0-acetyl in 8-C-glycosyl-
flavonoid appears at 6 1.90-1.95 ppm and in 6-C-glycosylflavonoids 
it appears between d 1.98-2.04 ppm. Methoxyl proton signals'^ '^ '^ '^^  
with few exceptions appear in the range of d 3.5-4.1 ppm. 
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MASS SPECTROMETRY 
The mass spectra of a wide variety of organic natural 
products have been studied only during last few years. The 
introduction of inlet system suitable for volatilization of 
high molecular weight (M"*", 300-12CX)) organic materials has 
greatly increased the utility of mass spectrometry. Generally 
the fragmentation is related to the structure of the intact 
molecule. Electron impact mass spectrometry of both flavonold 
aglycone and glycosides serves as a valuable aid in determining 
their structures, especially when only very small quantities 
(i.e. less than 1 mg) of the compounds are available. It has 
been applied successively to all classes of flavonoid aglycones 
and recently to a number of different types of glycosides 
The flavonoid aglycones and glycosides have been subjected to 
GLC-Mass spectrometry in the form of their pormotliyl ethei-s, 
perdeuteriomethyl ethers * ' and trimethylsilyl ethers "" 
Flavones 
The most flavonoids yield intense peaks for the molecular 
ion (M ) and indeed this is often the base peak. In addition 
to the molecular ion, flavonoids usually afford major peaks for 
LM-H]"^ and, when methoxylated (M-CH^)"^. Perliaps tho most useful 
fragmentation in terms of flavonoid identification are those 



































74 Kingston has recently discussed in detail the mass spectra 
of a large number of flavones, flavonols and their etlier 
derivatives. He has summarized the number in which monollavones 
fragment as follows: 
(a) Flavones with fewer than four hydroxy groups do not readily 
fragments, a consequence of the stability of their molecular 
ion. 
(b) Flavones with fewer than four hydroxy groups tend to undergo 
decomposition predominantly by way of the retro-Diels-Alder 
(RDA) process * . This and other common fragmentation 
processes are shown in (Scheme-l) using apigenin (XV) as 
a typical example. 
(c) An (M-1) ion is often found in the mass spectra of 
flavones, its origin is, however, obscure. 
(d) The presence of ion (C) (Scheme-1), frequently more intense 
when a 3-hydroxy group is present, is atlributecJ to thn 
alternative mode of retro-Diels-Alder fragmentation as 
depicted in Scheme-1. 
(e) Doubly charged ions are frequently present. 
(f) When heavily substituted with hydroxyls and methoxyls, the 
flavones tend to fragment in a less predictable manner, 
retro-Diels-Alder process becomes insignificant and the 
spectrum is dominated by the molecular ion and ions at 
M-15, M-28 and M-43^^''^. 
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Flavanone 
Flavanones (XVI) typically fragment by the RDA reaction 
(path-A and path-B) and yield same ions from path-A as observed 
for flavanones. However, the most important B-rlng ion from 
path-A contain an ethylene group . The fragmentation pattern 
are given in Scheme-2. 
Path~A 
( XVI ) 
Path-B 
ru \ / CH 
+ 
Another mode of cleavage, that helps to characterise the 
flavanone is the loss of either a hyciroqen atom (M-H)"*", an aryl 
radical at C^ [M-(B-ring) ]"*" from the molecular ion to give an 
even electron fragment. 
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( XVIII ) 
The presence of a hydroxyl or methoxyl group at 4'-position 
of ring B facilitates,, by enhance resonance stablization of the 
resulting fragment ion, the formation of p-hydroxy benzyl or p-
methoxy benzyl ion (XIX) or their equivalent tropylium ion. 
The p-hydroxy/p-methoxybenzyl ion appears as a base peak of 
significant intensity in the mass spectrum of naringenin/its 




( XIX ) 
H, 
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In the case of 4'-methoxyflavanone (XX) (Scheme-2), B^ 
ion is the base peak while A-,"*"* and (A,+H) fragment have 
relative intensities of only 3.5 and 3Cf^ respectively. Other 
ions from 4*-methoxyflavanone are derived by the loss of a 
hydrogen radical to give the (M-H)'*' ion and loss of an aryl 
radical to produce the diagnostic [M-(B-ring)] fragment. 
Fission of B-ring from the remainder of the molecular ion acco-
mpained by ^ hydrogen transfer leads to a moderately intense 
B-ring ion at m/z 108. 
The mass fragmentation of 3,5,7-trihydroxy-4'-methoxy-
flavanone (XXI) is shown in Scheme-3, shows the [AJ^ +H]"*" ion 
as base peak rather than B2^' as base peak. Although the 
intensity of B^ "^ * is 89%. A most important feature in the mass 
spectrum is the presence of A2"*" ion (XXIl) of 10C% intensity 
formed by cleavage of B-ring accompanied by a hydrogen transfer. 
Flavonoid glycosides 
Mass spectrometry has been extensively ' used in the 
structure elucidation of flavonoid 0-glycosides as well as 
flavonoid C-glycosides. Mass spectrometrlc secjuencinq of 
oligosaccharide derivatives has been much refined to furnish 
not only the sequence of sugars involved but also in many cases 
the position of their interglycosidic linkage and even infor-
mation about the stereochemistry at the anomeric centre. 
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The mass spectxometric study of glycosides can be done In 
two groups: 
(i) Mass spcctromotry of Flavonoid-0-glycoGldos. 
(ii) Mass spectrometry of Flavonoid C-glycosides. 
Flavonold O-qlycosldes 
The position of a sugar residue in a flavonoid aglycone 
can be easily recognized from the mass spectrum of the permpthyl-
77 
ated glycoside , The sugar attached to the position 5 and 3 
splits more readily than those at position 7 and as a result 
the molecular ion peak is of very low intensity or totally 
absent. 
On the other hand, 7-0-glycosides usually show an intense 
molecular ion poak amounting to 509^  or hiyhor of t,hf bano poak . 
The 4'- and 3-0-glycosides represent an intermediate case, 
having small but distinct molecular ion peak. 
The sequenLing of sugars in flavonoid oligosaccharide deri-
vatives can be determined by mass spectrometry. The principal 
fragmentation pattern of perdeuteriomethylated flavonoid 
disaccharide is illustrated in Scheme-4. 
Fission of the glycosidic carbon-oxygon bond of the terminal 
sugar leads to the ion T, which successively losses CD3-methanol 
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Rupture of the ethereal carbon-oxygen bond between the 
terminal and the second sugar gives rise to the sequence ion S 
Fission of the carbon-oxygen bond between the sugar and the 
aglycone is indicated by the fragment A, invariably formed by 
transfer of hydrogen and followed by loss of CO. 
Retention of chcirye of tho disaccharide residue after tliis 
type of rupture leads to the oligosaccharide ion OS. Peaks due 
to RDA-cleavage of the flavonoid aglycone are small or absent 
' 74 
as it is often observed in highly substituted compounds 
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Sequence of sugars and position of Interqlycosidic linkage 
Information about the tejcminal sugar is obtained from the 
difference (M"*"-S) and from peaks due to ions of the T-series. 
The T-series is more reliable induction since the (M -S) value 
can be charged by H-transfer or, in the case of apiosyl contain-
ing compounds, even more complicated reaction. In compounds 
containing glucose as the second sugar moiety, the OS-T, rather 
than the (S-A) difference seems to be the more useful for mass 
identification. 
Differences in hydrogen transfer to some peaks allow predi-
ction of the position of interglycosidic linkage. The sequence 
peak S is formed without hydrogen transfer (flavonols) or with 
single hydrogen transfer (flavone, flavanone) in the case of 
1 — > 6 linked flavonoid disaccharide derivatives, while transfer 
of two hydrogens takes place in the case of 1 — > 2 linked 
compounds. The aglycone and th^ oligosaccharide fragments A 
and OS behave similarly. For 1 — > 6 linked derivatives the 
A+H and OS peaks are prominent, wliile A+2H 'and OS+H peaks are 
observed for 1 — > 2 linked compounds. Further (OS-CDg-Methanol) 
differentiation as possible by a strong (0S-CD3-Methanol) peaks 
present only in the 1 — > 2 linked glycosides, and by the S+62 
(flavone, flavanone) or S+63 (flavanonols) peaks observed only 





The direct mass spectral analysis of a C-glycosylflavone 
rarely produces an observable molecular ion, the base peak is 
usually the aglycone fragment with only a CH2^ group remaining 
of the original C~glycosyl moiety. This ion is stablished by 
rearrangement to a tropylium ion. The additional hydrogen is 
derived from a sugar hydroxyl groupQl, xhe other fragments c 
7 8 - 8 0 
omes 
pathway-I and I I process from the base peak ion yiviriq Lfie B^ , 
Bl f Al i o n s . Besides t he se fragments, o ther fragments c o r r e s -
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ponding to ion (M-18)"^*, (M-36)''**, (M-&4)'*"* are formed by the 
successive loss of water molecules from the molecular ion. 
Mass spectrometry also help to distinguish 6- and 8-C-gly-
cosylflavones as in the case of 6-C glycosylflavone (M-148) 
peak (equivalent to aglycone + ^2"*" + H) has 50% to 80^ of 
intensity compare to (M-149)'** peak whereas with 8-C--glycosyl-
flavones (M-148)'*"* ion is usually only about 25% of the intensity 
of the (M-149)'^ peak. 
In the Case of di-C-glycosides, the base peak corresponds 
to [M-C^H^QO^ - Cp^ HpOp^ ]"^  in (XXIIl) accord with the presence of 
a C-linked rhamnose and glucose in this compound is formed . 
A characteristic of the spectra of di C-glycosides is the series 
of peaks related to the sequential loss of six molecules of water 
from the molecular ion, compared with only three from mono-C-
glycosides . The mass fragmentation of 8-C-glycosyl-4'-methoxy 
apigenin (XXIV) is given in Scheme-6. 
CH. 
•m^ 





















A more specific study of the mass spectral fragmentation 
of the permethyl ether derivatives of amentoflavone, cupressu-
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flavone and hinokiflavone have reported by Seshadri and co-
workers. The mass spectra of hexamethyl ether of amentoflavone 
(XXV), cupressuflavone (XXVI) are similar, molecular ion bolny 
the base peak in each case. Together with RDA reaction these 
compounds also undergo (a) fission of the C-C or C~0-C linkage 
between aromatic residues (b) elimination of CO and CHO from 
the biphenyl ej;hers (c) rearrangement involving condensation 
between the phenyl rings. 
C-C linked biflavonoids 
Amentoflavone hexamethyl ether (XXV) 
The mode of fragmentation of amentoflavone hexamethyl 
ether is shown in Scheme-7. 
H3CO, 
OCH-
( XXV ) 
Arnontoflavonn haY r^oft-^ ViYi n-^h 
e r 
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M^in peaks (m/z ; intensity) : 622 (lOO), 621 (31), 607 (33), 
592 (8), 576 (iO), 312 (2), 245 (5), 181 (2), 135 (16) and 
132 (3). 
Cupxessuflavone hexamethyl ether (XXVl) 
The mode of fragmentation of cupressuflavone hexamethyl 
ether (XXVI) is given in Scheme-8. 
QCH3 P 
( XXVI ) 
Main peaks : 622 (100), 621 (38), 607 (8), 592 (18), 576 (4), 
312 (7), 311 (14), 245 (ll), 135 (26), and 132 (14). 
C-O-C-Linked biflavonoids 
Hinokiflavone pentamethvl ether (XXVII) 
The mode of fragmentation of hinokiflavone pentamethyl 
ether (XXVII) which contain a biphenyl ether system, is consi-
derably different from those of amentoflavone, cupressuflavone 
and agathisflavone hoxamethylethers Scheme~9. 
C u p r e s a u f l a v o n e hexarnethyl et>ier 
.+ 











(AQO"*""** appears at m/e 245) 
in/o ();n.(:'.o) 





m / e 135(26) 
//r\ V-«^ ^ '^-5 
m / e 132 (14 ) 
Scheme-8 
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Main peaks ; 608 (39), 607 (12), 593 (36), 560 (4), 579 (ll), 
578 (11), 576 (6), 431 (7), 327 (23), 313 (100), 312 (32), 311 
(22), 304 (2), 297 (29), 296 (75), 281 (22), 181 (ll), 180 (3), 
135 (19) and 132 (18). 
OCH-
( XKVII ) 
>- m/o 5i;5( 100)-
+211' 
m/e 1:^ 2(8) m/e 181(11 ) 
H3CO 
•^  m/e 431 
2 1 
OCH3 0 Cleavage \ 
M"^ , m/e 608(39) 




m/e 57H( 1-1 ) 
m/e 607(12) 




m /o 296(75) 
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CHAPTER ~ THREE 
FLAVONOIDS FROM THE LEAVES OF TECOMA GRANDIFLORA (BIGNONIACEAE) 
The family bignoniaceae consists of 120 genera about 650 
species of evergreen trees . The genus Tecoma one of the largest 
genera of the family bignoniaceae, mostly distributed in tropical 
regions and a few in the warm temperate zones of both hemispheres. 
In India represented by about 15 genera and 40 species, mostly in 
Western and Southern India, and few in the Himalayas. The medi-
cinal importance of the genus and the scanty work on this plant 
prompted us to undertake a comprehensive investigation of the 
plant. The present discussion deals with the isolation and chara-
cterization of two new glycosides. Naringenin 7-0-a-L-rhamnosyl 
(1—>4) rhamnoside,a new flavanone dirhamnoside (III) and dihydro-
kaempferol-3-0-tt-L-rhamnoside-5-0-^-D-glucoside (IV) a new dlhydro-
flavanol diglycoside along with the two known Naringenin (l) and 
Eriodictyol (II) have been isolated from the leaves of Tecoma 
qrandiflora. 
Leaves of Tecomg^ urundiflora were procured from the DoLuny 
department. Forest Research Institute, Dehradun, India. Coarsely 
powdered leaves were exhaustively extracted with methanol. The 
methanolic extracts were concentrated under diminished pressure 
to a dark viscous mass. The dark viscous mass was then extracted 
with n-hexane, petrol (40-600)^ benzene and chloroform till the 
solvent in each case was almost colourless. The concentrated 
extract after solvent treatment with n-hexane, petrol (40-60°), 
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benzene and chloroform gave a dark viscous residue. The water 
soluble part was then treated with hot water. The water soluble 
part was extracted with ethyl acetate and n-butanol. The EtOAc 
and n-BuOH fractions found to contain some similar spots on TLC 
were combined together and subjected to column chromatography 
over silica gel using petrol, benzene, chloroform, benzene-ethyl 
acetate, ethyl acetate, ethyl acetate - acetone and acetone as 
eluting solvents followed by fractional crystallization afforded 
four crystalline TLC homogeneous substances. They were given the 
labels as TG-1, TG-2, TG-3 and TG-4. 
ISzi 
The fraction TG-1 was eluted from the column by benzene 
ethyl acetate (8:2) mixture. TG-1 was crystallized from EtOAc-
Me2C0 as yellow needles m.p. 248-50°. It was characterized as 
naringenin (I) by direct comparison with an authentic sample of 
naringenin (R^ value, m.p., m.m.p., Co-chromatography and PMR). 
The result of the PMFi spectrum is recorded in the Tablo-1. 
TABLE - 1 
Assignment No. of P ro tons S i g n a l s 
H - 2 ' , 6 ' 2 7 .40 (d , J = S.bHz) 
H - 3 ' , 5 ' 2 0 .96 (d, J = 8.5Hz; 
H-6 1 6 .04 (d, J = 2.bHz) 
H-8 1 6 .86 (d , J = 2.bHz) 




5.20 (q, J^ = 12Hz, 
J^ = 4Hz). 
2.79-2.98 (m, J^ = 12Hz, 
J^ = 4Hz, J3 = 17Hz) 
s = singlet, d = doublet, q = quarter, m = multiplet, spectrum 
run in (003)200 at 60 MHz and TMS as internal standard (d-scale) 
TG-1 was, therefore, assigned the structure as 5,7,4'-tri-
hydroxyflavanone (narlngenin)(l). 
TG-2 
( I ) 
TG-2 Was eluted from the column as yellow cubes, m.p. 263° 
from benzene-ethyl acetate (4:6), formula C-j^ pjH,^ ^^ * The colour 
reaction, +ve Shinoda test^ coupled with the appearance of two 
proton multiplet (C3-2H) centered around d 3.0 and a proton multi-
plet (C2-H) centered around d 5.40 in the •'•H-NMR spectrum confir-
med the presence of a flavanone system. Functional qroup an.»lyr.\ 
revealed the presence of a Phenolic OH ( V!^?i 3430 cm~^) and 
max 
5 5 
c o n j u g a t e d C=0 ( V J^^^ ^^^^ cm"^) . 
On a c e t y l a t i o n w i t h kc^O/^y, TG-2 gave a t e t r a a c e t a t e 
d e r i v a t i v e , m .p . 143-44° which was found t o be i d e n t i c a l wi th 
t h e a u t h e n t i c sample of e r i o d i c t y o l t e t r a a c e t a t e ( R ^ - v a l u e , 
m . p . , m . m . p . , c h a r a c t e r i s t i c shade i n UV l i g h t ) . The r e s u l t of 
•''H-NMR of TG-2A and e r i o d i c t y o l t e t r a a c e t a t e a r e r e c o r d e d in 
T a b l e - 2 . 
TABLE - 2 
Assignment TG-2A E r i o d i c t y o l t e t r a a c e t a t e 
H - 2 ' , 5 S 6 ' 7.30(m,3H) 7 .25 (m,3H) 
H-3^j^ 3 .19(q , lH,J j^=l2Hz, 3 .21 (q , IH, J j^=12Il7., J2 = l 71Iz) 
J2=17Hz) 
H~3g 2 .94(q, lH,J j^=4Hz, 2 . 9 0 ( q , IH, Jj^=4Hz, J2 = 17Hz) . 
J2=17Hz) . 
H-2 5.40(q, lH,J_^=12Hz, 5 . 4 3 ( q , IH, Jj^=12Hz, J2=4Hz) 
J^-^Hz) 
H-6 6 .6B(d , lH , J=2 .bHz) 6 . 6 2 ( d , I H , J = 2 . 5 H z ) 
H-8 6 .9U(d , lH , J=2 .5Hz) 6 . 8 8 ( d , I H , J = 2 . 5 I l z ) 
O A c - 7 , 3 ' , 4 ' 2 . 28 ( s ,9H) 2 . 2 8 ( s ,9H) 
s = s i n g l e t , d=doub le t , q = q u a r t e t , m = m u l t i p l e t , spect rum run in 
(CDCI3) a t 60 MHz and TMS as i n t e r n a l s t a n d a r d ( O - s c a l e ) . 
On t h e b a s i s of t h e above r e s u l t s , t h o s t r u c t u r e of tho TG-2 
was a s s i g n e d as 5 , 7 , 3 ' , 4 « - t e t r a h y d r o x y f l a v a n o n e ( e r i o d i c t y o l ) 
( I I ) . 
TG-3 
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( II ) 
The fraction TG-3 was eluted from the column by EtOAc-Me^^CO 
(9:1) mixture. It was crystallized as yellow needles, m.p. >250 . 
2 
The new natural product III» C27H320j^3 responded to Shinoda test 
and gave a brownish green colour with FeCl^. The UV spectrum 
showed absorption maxima at '\ „^^ 280 nm (Band II) with a shoulder 
at "^ 377 nm. The IR spectrum revealed the presence of 
-1 -1 phenolic OH (3450 cm"-^), a-^-unsaturated ketonic C=0 (1680 cm ^) 
and a complex aromatic substitution at 1500, 1365, 1205, 1140, 
800 cm"" besides a strong band at 2950 cm" . Colour reactions 
4 
and UV spectral studies with diagnostic shift reagents indicated 
that (III) was a flavanone glycoside bearing hydroxyl groups at 
5,4' positions. The flavanone nature of the compound (III) was 
further confirmed by the presence of a quartet (two doublet 
J, = 5Hz, J^ = lOHz) near 0 5.27 for C-2 proton and a multiplot 
near d 2.8b for C-3 protons of a flavanone system. 
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Total acid hydrolysis of glycoside with Killiani reagent 
yielded two moles of L-rhamnose and an aglycone, which gave a 
bathochromic shift of 30 nm in band II with NaOAc (absent in 
glycoside) thus suggesting that the sugar is linked to 7-position 
of the aglycone. The aglycone as neutral permangnate oxidation 
gave p~hydroxy benzoic acid, m.p. 212° and that of methylated 
aglycone, anisic acid, m.p. 182°, thereby fixing the position of 
hydroxyl group at 4'-position in the B-ring. Bathochromlcshift 
of 22 nm and 30 nm with fused AICI3-HCI and fused NaOAc 
respectively indicated the presence of a 5,7-dihydroxyl grouping. 
This is further supported by the fact that the aglycone, but 
not the glycoside gave a positive colour test specific for 
5,7-dihydroxyl system with vanillin/hydrochloric acid reagent . 
On acetylation aglycone gave triacetate derivative, m.p. 125-26^^ 
corresponding to molecular formula C^,H,gOg which was found to 
be identical with an authentic sample of 5,7,4«-triacetoxy-
naringenin . The aglycone (llla) was thus characterized as 
naringenin, m.p. 238-39 and corresponding to molecular formula 
'^15"l2°5* 
Acetylation of TG-3 with Ac20/Py gave a heptaacetate (Illb) 


















TABLE ~ 3 
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7.35 (d, J = 9.5Hz) 
7.05 (d, J = 9.5H7.) 
7.24 (d, J = 2.5Hz; 
6.25 (d, J = 2.5Hz) 
5.27 (dd, Jj^=5Hz,J2=10Hz) 
2.85 (m^ 
4.87 (d, J = 1.2Hz) 




1.25 (d, J = 6.0Hz) 
1.07 (d, J = 6.0Hz) 
8 = singlet, d = doublet, dd « double cioublot, in - multiplot, 
spectrum run in CDCl^ at 270 MHz and TMS as internal standard 
(o-scale). 
The H-NMR spectrum (Fig. 1) Table-3 of the acetylated 
glycoside indicated it to be a rhamnosyl (l—>4) rhamnoside as 
it showed five aliphatic acetoxyls integrating for fifteen protons 
at a 1.80-2.17 and two aromatic acetoxyls integrating for six 
protons at 0 2.25-2.38. A multlplet centered at 5 2.85 Is 
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assigned to C~3 methylene protons and a double doublet at d 5.27 
(J,=5Hz and J2=10Hz) identified the C-2 proton. The 5,7-disubsti-
tution on ring-A was indicated by two metacoupled doublets at 
6 6.25 and d 7,24 (J « 2.5Hz, each) for C-6 and C~0 protono. 
H-NMR spectrum also showed AgBg pattern of B-rlng as it exhibited 
two ortho coupled doublets at d 7,05 and d 7,35 (J = 9,5Hz, each) 
assigned to C-3',5' and C-2S6' protons respectively. The ano-
meric protons at d 4.39 and d 4,87 (J=l,2Hz, each) were assigned 
to l'''-H rhamnose and l''-H rhamnose (both in a-configuration) 
respectively. The two rhamnosyl methyl appeared as a characteri-
stic doublets at d 1,25 and d 1.07 (J = 6.0Hz, each). The 
remaining sugar protons were observed in the range of d 3.55-5.14 
as expected. 
The mass spectrum of the acetylated glycoside (lllb) (Fig.2) 
was in agreement with the assigned structure of the glycoside. 
The mass spectrum showed the presence of an acetylated deoxyhexo-
pyranoside, m/z 273. The aglycone fragment was also observed at 
m/z 273. A rotro-Diels-Alder f ra(jii\on tat 1 on pathorr^ was obr.orvfvl 
at m/z 153, m/z 120 and m/z 107 leading to fragments [AJ^+H]"*"*, 
[BJ^] ' and [B2] . The result supported the presence of two 
hydroxy1 groups in ring-A and one hydroxy1 group in ring-B. A 
fragment characteristic of flavanone at m/z 179 corresponded to 
the loss of ring-B from the aglycone fragment. Other major 
fragments appeared at m/z 136, 213, 94. 
fu>?" 
;'-.HMi-l K N i l . ! .» r.C.NlJ l U i , : 1 7 ? . 4 U - : l i I I lU->. M1 (J J i I J - i . O 
:;::iOQ 





S K I 
19 
f4-i-A-t I'i r I i r f M^ l ' l "A| l . Ill 
1 CiCi cOCi 3 0 0 4 0 0 ;.oo 
M r 1 1 I 
t.OO 
1 0 0 
r. 0 
I TT r 111 1*1 I 11 I I 11 
7 0 0 y o o 
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Methylation of (III) with Hakoinoris mothod (Mel/DMF/Ag,^0) 
followed by acid hydrolysis with killiani reagent gave a partial 
methylated aglycone, which gave a bathochromic shift of 2b niri in 
band II with NaOAc, confirming that C-7 hydroxyl which was 
glycosylated in (ill) has become free. The formation of this 
partial methyl ether further proved that both the sugars are 
linked at position-7. The partial methyl ether was identified 
as 7-OH, 5,4'-dimethoxyflavanone, m.p. 137-38 , direct comparison 
7 
of spectral data with authentic sample . The methylated sugars 
were identified as 2,3,4-trl-O-methyl-L-rhamnose and 2,3-di-O-
8 9 
methyl-L-rhamnose by Si02 TLC according to Petek . 
Enzymatic hydrolysis with diastase liberates two moles of 
L-rhamnose finally indicating a-nature of the inter sugar linkage 
and sugar-aglycone linkage. Quantitative estimation of the glyco-
side by Nelson method with Somogyis modification ' showed the 
presence of two moles of sugar per mole of aglycone. 
This new compound is thus characterized as Narirujenln 
7-0-a-L-rhamno3yl (l—>4) rhamnoside (ill), which is a new 





( III ) R « H 
( Illb) R » Ac 
R"0 O 
( Ilia ) R = R^ = R^ = H 
( IIIc ) R = R^ = CH^, R^ = H 
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TG-4 
TG-4 was isolated from EtOAc-MegCO (6:4) mixture as pale 
yellow solid. The solid on TLC examination showed a major spot 
with minor impurities. It was therefore purified by preparative 
TLC over silica gel (Et0Ac-Me2C0-H0Ac-H20, 15:3:0.7:0.7) and 
crystallized from methanol as pale yellow granules, m.p. 187-88 . 
Elemental analysis agreed to the molecular formula C27H22^i5» 
TG-4 gave positive test with Mg/HCl and sodium amalgum followed 
by acidification indicating its flavanone or flavanol nature 
12 (with C^ blocked) . The posibility of its being a flavone gly-
coside Was eliminated as it does not gave yellow colour with 
13 Wilson-boric acid reagent . The chromatographic spot on paper 
appeared under UV light and turned quite deep on fuming with 
ammonia, further indicated it to be flavanol glycoside with a 
sugar residue at C-3 position. 
The UV spectrum showed \ „ at 290 nm, 328sh. Analysis 
/\max 
of functional groups revealed the presence of phenolic OH 
(3325 cm""-^ ), a, ^ -unsaturated ketonic C=0 (1675 cm"-""), 2965 (C-H) 
and other bands at 825, 1020, 1120, 1214, 1270, 1365, 1416, 
1570 for aromatic substitution pattern. The colour reactions, 
4 
IR, UV data with diagnostic shift reagents indicated it to be a 
3,5-disubstituted flavanonol glycoside with free hydroxyl groups 
at 7 and 4* positions. 
On acid hydrolysis with 7% HCl, compound (IV) gave equimol 
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quantities of D~glucose and L-rhamnose (PC) and an aglycone 
(IVa), which gave a bathochromic shift of 25 nm with AICI3/HCI 
(absent in glycoside) indicating the present of sugar moieties 
at C-5 and C-3 position. The aglycone gave a tetraacetate deri-
vative, m.p. 125-26° and an sodium bisulphite oxidation gave 
kaempferol, m.p. 280-82°. The aglycone was identified as dihydro-
kaempferol, m.p, 244-45 (d). 
Acetylation of the glycoside (ACgO/Py) afforded a crystalline 
nonaacetate derivative (iVb) (Fig. 3, Table-4), m.p. >122°. 
TABLE - 4 
A s s i g n m e n t s 
H - 2 ' , 6 ' 
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Hharnnosyl-CHg 3H 1.07 (d, J - 6.5H7.) 
Sugar protons 12 3.78-5.72 (m) 
s = singlet, d = doublet, m = multiplet, spectrum run in CDCl^ 
at 270 MHz and TMS as internal standard (d-scale). 
The H-NfAR spectrum of the acetate in CDClo shov^ed a doublet 
centered at d 4.38 (J=llHz) was assigned to C-3 proton and an-
other doublet for one proton centered at 0 5.49 (J=nH7) is for 
C-2 proton. The H-NMR spectrum also indicated it to be a 
diglycoside as it showed two aromatic acetoxyls intpqratinq for 
six protons at d 2.36-2.25 (OAc-7 and OAc-4') and seven aliphatic 
acetoxyls integrating for 21 protons at d 2.15-1.78. The signals 
at 0 3.78-5.72 integrating for twelve protons, represent the 
sugar protons. The 5,7-disubsLitution of ring-A was demonstrated-
by two meta coupled doublets at 6 6.35 (J=2.5Hz) and 5 7.05 
(j-2.5Hz) were tissi(}npd to C-6 and C-H JDI f)t.f)n'-. t <".piH: 1.1 vol y . Two 
ortho coupled doublets at 6 7.12 and 6 7.68 (J=9.aiz, each) 
in<iicated the A^B,, pattern of rlng-D. The anoiiiorlc proLons of 
D-glucose and L-rhamnose appeared at 6 5.72 (d, J=8.0 Hz) and 
at d 4.17 (d, J=2.0Hz). The rhamnosyl methyl appeared as a 
characteristic doublet at d 1.07 (j=6.5Hz) as expected. 
The mass spectrum of the acetylated compound (Illb) (Fig.4) 
(Scheme) showed the presence of acetylated hoxopyranoside at 
m/z 331 and acetylated deoxyhexopyranoside at in/z 273. The 
molecular ion peak as expected was not observed. The aglycone 
Fi^ «• 
TO- 2A 
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fragment was observed at m/z 288. A fragment observed at m/z 
561 accounted for the loss of acetylated hexopyranoside and two 
acetyl fragment from the molecular ion. The other retro-Diels-
Alder fragments were observed at m/z 153 [An+H]"^*, m/z 136 [D,]"^*, 
m/z 179 [Aglycone-B-ring]"*". 
Enzymatic hydrolysis of glycoside (IV) gave conclusive 
evidence of the position of attachment of two sugars and the 
nature of their linkage. Hydrolysis with almond emulsin librates 
D-glucose and a partial glycoside (IVc) which gave a bathochromic 
shift of 20 nm with AlCl^/HCl in Band II (absent in glycoside), 
thus showed that C-5 hydroxyl which was glycosylated had become 
free. The partial glycoside was identified as dihydrokaeinpferol-
3-0-rhamnoside, m.p, 174-75 by UV diagnostic shift reagents and 
14 
co-chromatography with authentic sample , 
The dihydrokaempferol 3-0-rhamnoside on hydrolysis with 2N 
HCl gave L-rhamnose (PC) and dihydrokaempferol identified by 
m.p., m.m.p, and co-chromatography with authentic sample. This 
finally established that the L-rhamnose was a-linked at C-3 
while D-glucose was ^-linked at 5-position. On the basis of 
these data, compound (IV) was identified as dihy<irokaompferol-
5-0-p-D-glucoside-3-0-a-L-rhamnopyrano5ide which is a now natural 
product. [Accepted in JCR(M) 1990]. 
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( IV ) R^ = R^ = H, R^ = Glu., R*^  - Rhm. 
( IVa) R^ = R2 = R2 = R"* = H 
( IVb) R'^  = R"* = Ac, R-^  = Acetylated glucoside 
3 
R = Acetylated rhamnoside 
( IVc) R^ = R^ = R^ = H, R^ = Rhamnoside 
EXPERIMENTAL 
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Extraction of the leaves of Tecoma (pirandiflora (Rlgnoniaceae) 
Dried and powdered leaves (5 kg), procured from the Botany 
Department, Forest Research Institute, Dehradun, India. Coarsely 
powdered leaves were exhaustively extracted with methanol. The 
combined methanol extracts were concentrated in vacuo untill only 
water remained. The concentrated extract was partitioned against 
n-hexane, chloroform, ethyl acetate and n-butanol. The ethyl 
acetate and n-butanol fractions were found to contain some similar 
spots on TLC over silica-gel using solvent systems: 
1. Toluene - Ethyl formate - Formic acid (5:4:1) 
2. Benzene - Methanol - Acetic acid (4b:10:6) 
3. Ethyl acetate - Ethyl methyl ketone - Acetic acid - Water 
(20:3:0.7:0.7) 
4. Ethyl acetate - Acetone - Acetic acid -- Water (20:3:1:1). 
These fractions were, therefore, combined together and 
subjected to column chromatography over silica gel using n-hexane, 
petrol (40-60 ), petrol, benzene, benzene-ethyl acetate, ethyl 
acetate, ethyl acetate - acetone and finally acetone as eluting 
solvent followed by fractional crystallization afforded four 
crystalline TLC homogeneous substances. They were given the 
labels as TG-1, TG-2, TG-3 and TG-4. 
IG^ l 
TG-1 was eluted from benzene-ethyl acetate (8:2) mixture. 
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The solvent was removed by d i s t i l l a t i o n under reduced pressure 
on a water ba th . The r e s i d u e on c r y a t a l l l z a t i o n from e t h y i -
ace t a t e - ace tone gave a pale yellow need les , m.p. 248-50 . 
Anal. Calcd. for Cj^ ^^ Hj^ gOp^  : C, 66.17; H, 4.41 
Found : C, 66.28; H, 4.49?^. 











H^-NMR (003)200 : Values on d-sca le 
6.64 (IH, d, J = 2.5Hz, H-6); 6.86 (IH, d, J = 2.5Hz, H-8); 
6.96 (2H, d, J = 8.5Hz, H - 3 ' , 5 ' ) ; 7.40 (2H, d, J = 8.5Hz, H - 2 ' , 6 ' ) ; 
5.20 (IH, q, Jj^- l2Hz,» H-2); 2 .79-2.98 (2H, m, H-3,3 ) . 
J2= 4Hz, 
TG-2 
TG-2 Was eluted from column by benzene-ethyl acetate (4:6) 
ixture as yellow solid. On TLC examination it was found to be 
contaminated with some nonflavonoidic impurities. The impurities 
ere removed by refluxing the yellow solid with bonzeno-ethor 
(4:6) mixture. Fractional crystallization of the residue from 




A n a l . C a l c d . f o r C^^H^^^O^ : C, 6 2 . 5 0 ; H, 4 .16 
Found : C, 6 2 . 6 6 ; H, 4.24% 












It Was acetylated with acetic anhydride (l ml) and pyridine 
MeOH (0.5 ml) by the usual method and crystallized from CHCI3-  
as colourless needles, m.p. 143-44 , 
•^ H-NMfl (CDCI3) t Values on d~scale 
6.68 (IH, d, J = 2.5Hz, H-6); 6.90 (IH, d, J = 2.5Hz, H-8); 
7.30 (3H, m, H-2',5',6*); 5.40 (IH, q, J^ = 12Hz, J^ = 4H2, H-2), 
3.19 (IH, q, J^ = l2Hz, J^ = 17Hz, H=3^^); 2.94 (IH, q, Jj^=4Hz, 
J2 = 17Hz, H=3g ); 2.35 (3H, s, OAc-5); 2.28 (9H, s, OAc-7,3',4') 
Dehydroqenation ._and Methylation of TG-2 
A solution of TG-2 (50 mg) in DMSO (1 ml), two drops of 
Cone. H^SO^ and a small crystal of iodine were heated at 120*^  
for half an hour. The mixture after cooling was poured over 
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crushed ice and left overnight at room temperature. The solid 
separated was filtered, washed with water and dried then weighed 
(32 mg). It was crystallized from ethanol as yellow needles 
(20 mg), m.p. 328°. Methylation with Me2S0^/K2C03 in acetone 
and the product obtained on usual work up and crystallization 
from CHClg-MeOH gave colourless needles (20 mg), m.p. 191 . 
^H-NMR (CDCI3) t Values on d-scale 
7.52 (IH, q, J^ = 9Hz, Jg = 3Hz, H-6')j 7.36 (IH, d, J=3Hz, 
H-2«); 6.90 (IH, d, J = 3Hz, H-8); 6.55 (IH, s, H-3); 6.40 (IH, 
d, J = 3Hz, H-6); 3.95, 3.92 (6H, s, OMe-5,7); 3.87, 3.84 (6H, 
s, OMe-3',4'). 
TG~3 
TG-3 was obtained from the column with EtOAc-Me CO (9:1) 
mixture, a yellow solid which was found to be contaminated with 
some impurities. It was purified by preparative TLC (EtOAc-
Me2CO-AcOH-H20; 20:3:0.7:0.7) to gave a new natural product, 
TG-3, which was crystallized from ethyl acetate-methanol as 
yellow needles, m.p. >250°. 
Anal. Calcd. for C2yH320j^3 i C, 57.44; H, 5.67 
Found : c, 57.48; H, 5.69%. 
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i2. UV data : > U x ^ 
MeOH 280, 317sh 
AICI3 302, 319sh 
AICI3/HCI 303, 320sh 
NaOAc 281, 315sh 
NaOAc/H3B03 315, 393sh 
' Lmax 
3450 (OH), 1680 (C=0), 1500, 1365, 1205, 1140, 80O, 2950 
(Complex aromatic pattern). 
Acetvlatlon of TG-3 
Acetic anhydride (3 ml) was added to pyridine (1.5 ml) 
solution of TG-3 (20 mg). The mixture was left for 24 hrs. at 
room temperature. After usual work up it gave a heptaacetate 
derivative (15 mg) as colourless needles, m.p. 80-82 . 
•"•H-NMR (CDCI3) : Values on d-scale 
7.35 (2H, d, J = 9.5Hz, H-2',6'), 7.05 (2H, d, J = 9.5H2, 
H-3',5«), 5.27 (IH, dd, J^^ = 5H2, J. =10Hz, H-2), 2.85 (2H, m, 
H -3, H.-3), 7.24 (IH, d, J = 2.5Hz, H-8), 6.25 (IH, d, J=2.5Hz, 
H-8), 6.25 (IH, d, J r= 2.5H7, FJ-6), 1.80-9.3R (2111, m, 7xOAc), 
4.87 (IH, d, J = 1.2Hz, 1"-H rhamnose), 4.39 (IH, d, J=1.2Hz, 
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1*"-H rhamnose), 1.25 (3H, d, J = 6.OH2, rhamnosyl-CH3''), 1.07 
(3H, d, J = 6.0Hz, rhamnosyl CH3'*'), 3.55-5.14 (lOH, m, sugar 
protons). 
MS data ; m/z 
[M] ' absent, 561 [(M) '-acetylated deoxyhexopyranoside-
2xAa]"*••, 273 (Aglycone fragment), 153 [AJ^+HJ"^*, 120 [Bj^ ]"^ *, 94 
[B^ ]"*", 136 [acetylated Bg]"^*, 273 [ (rham)Ac3]"*', 179 [Aglycone-
B-ring]"^. 
Acid hydrolysis of TQ~3 
The glycoside TG-3 (30 mg) was hydrolysed by heating with 
10% HCl on a water bath at 100° for 2 hrs. The mixture was left 
over night. The aglycone was filtered, washed well with dist. 
water and dried. The crude product on crystallization from metha-
nol gave yellow needles (15 mg) m.p. 248-50°. It showed no 
depression in melting point on admixture with an authentic sample 
of naringenin. 
Anal. Calcd. for Cj^ H^j^ ^^ ^^ ^ ! C, 66.17; H, 4.43 
Found ; C, 66.28; H, 4.48% 
a UV data : A „^ v "^f" max 
MeOH 286, 325sh 
AlCl^ 311, 382 
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AICI3/HCI 311, 381 
NaOAc 282sh, 330 
NaOAc/H3B03 288, 331 
AcetyJgtion of Aqlycone 
The aglycone (10 mg) was heated with pyridine (0.5 ml) 
and acetic anhydride (1 ml) on a water bath at 100 for 2 hours 
on usual workup, it gave cream coloured needles, (5 mg), m.p. 
125-26°. 
Anal. Calcd. for C2IHJ^Q0Q : C, 63.35; H, 4.bb 
Found : C, 63.31; H, 4.52%. 
Identification of the sugars 
The glycoside (30 mg) in the Killiani reagent (HCl-AcOH-
H^O, 10:35.5:55?^) 5 ml were refluxed for 2 hours. 10 ml wator 
was then added and the mixture was extracted with EtOAc. The 
aqueous layer was neutralized with Barium carbonate, the ppt, 
filtered off and the filterate evaporated in vacuo giving a 
residue. The neutral aqueous hydrolysate was silylated with 
trimethylchlorosilane and hexamethyldisilane in pyridine and sub-
jected to GLC {2% OV-1, column temperature 150-250°, 10 min, dect, 
temp. 300 , Ng, 50 ml/min) alongwith silyl derivatives of 
standard sugers (Rt 3.9, 3.8 min for rhamnosc). 
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Methylatlon of compound TG-3 followed by acid hydrolysis 
NaH (250 mg) was stirred with DMSO (15 ml) at 80° for 30 
minutes under N^ gas. To this reagent, solution of glycoside 
(50 mg) in DMSO (10 ml) was added and the reaction mixture was 
stirred for 1 hour at room temperature N2 gas. Mel (5 ml) was 
added and the reaction mixture was further stirred for 4 hours 
at room temperature. The mixture was poured into ice-water and 
extracted with EtOAc, washed with water, and dried. An oily-
product was obtained. It was purified by TLC using C.H^-Me^CO 
(4:1) as the developing solvent to afforded the permethylated 
glycoside (28 mg). The partial glycoside on acid hydrolysis with 
7% HCl gave 5,4«-dimethyl naringenin, m.p. 137-38°. The methyla-
ted sugars were identified as 2,3,4-tri-O-methyl-L-rhamnose), 
syrup (a)-|+26, +22 (H2O) and 2,3-di-O-methyl rhamnose, 
syrup (a)jj+47.6, +42.5 (H^O). 
Quantitative estimation of sugar 
The anhydrous glycoside (35 mg) was hydrolysed by refluxing 
for two hours with 2% H^SO.. After cooling over night the agly-
cone was filtered, washed, dried and weighed (15.6 mg). Thus 
the ratio of the aglycone to the glycoside is 44,7% and this 
ratio indicates the presence of two moles of sugar per mole of 
aglycone. 
Somogyis copper micro method gave the value (1.67 cc) which 
also corresponds to two moles of sugar per mole of aglycone. 
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TG-4 
TG-4 was isolated from ethylacetate-acetone (6:4) mixture 
as amorphous yellow powder showed one major spot. Contaiminated 
with traces of nonflavonoidic impurities. It was dissolved in 
methanol and precipitated by adding appropriate amount of ethyl 
acetate. The process was repeated four times when a TLC homo-
geneous compound was obtained. It was crystallized from methanol 
as pale yellow needles, m.p. 187-88°. 
Anal. Calcd. for CgyHggOj^ g^  : C, 54.36; H» 5.36 
Found : C, 54.38; H» 5.40?^  








\) KBr -1 w cm f max 
290, 329sh 
248, 327 
277sh, 329, 383sh 
276, 328, 382 
283, 329 
294, 338 
3325 (OH), 1675 (C=0, a,^-unsaturated), 2965 (C-H), 1570, 
1416, 1365, 1270, 1214, 1120, 1020, 825 for aromatic substitution, 
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Acetvlatlon of TG-4 
TG-4 (30 mg) was acetylated with pyridine (0.5 ml) and 
acetic anhydride (1 ml). After usual work up, It was crystallized 
from CHCl^-MeOH as colourless cubes of nonaacetate derivative, 
m.p. >122°. 
•••H-NMR (CDCI3) : Values on d-scale 
7.68 (2H, d, J=9.5Hz, H-2',6»), 7.12 (2H, d, J=9.5Hz, 
H-3\5')» 7.05 (IH, d, J=2.5Hz, H-8), 6.35 (IH, d, J«2.5Hz, H-6), 
4.38 (IH, d, J=llHz, H-3), 5.49 (IH, d, J = llHz, H-2), 2.36 
(3H, s, 7-OAc), 2.25 (3H, s, 4'-0Ac), 2.15-1.78 (21H, m, 7xOAc 
aliphatic), 3.78-5.72 (12H, m, sugar protons), 5.72 (IH, d, 
J=8.0Hz, aromeric proton of D-glucose), 4.17 (IH, d, J=2.CHz, 
anomeric proton of L-rhamnose), 1.07 (3H, d, J = 6.5Hz, rhamnosyl 
methyl). 
MS data : m/z 
331 LGIU(AC)^]"*"', 273 [rham(Ac)3J"^ ', 561 L (M)'*"'-acetylated 
glucose-2x Ai]^\ 153 [ATL+HJ"^*, 136 [BJ^ J"*"*, 288 LAglycone frag-
m entj *, 179 [288-B ring]"*"*. 
Hydrolysis of TG-4 
TG-4 (40 mg) was hydrolysed by heating with 7% aq. HCl for 
2 hours at 100 . The reaction mixture was then worked up as 
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earlier. The EtOAc soluble portion gave an aqlycone, m.p. 
244-4b and characterized as dihydrokaempferol by spectral and 
chromatographic comparison with authentic sample. 
Anal. Calcd. for C^^H^^O, : C, 62.41; }i, 4.16 
Found : C, 62.44; H, 4.18% 









273sh, 315, 381 
281sh, 311, 376 
254sh, 284sh, 327 
296, 336sh 
•^ H-NMR (003)200 : Values on d-scale 
7.35 (2H, d, J=8.5Hz, H-2',6'), 6.95 (2H, d, J=8.5Hz, H-3',5') 
6.15 (IH, d, J =^  5.0Hz, H-8), 5.95 (IH, d, J = 5.0Hz, H-6), 5.00 
(in, d, J = 2.5IIZ, H-2), 4.15 (IH, d, J = 2.511z, H-3). 
Acety la t ion of aqlycone 
The aglycone (20 mg) was ace ty la ted with Ac20/Py, t he 
product was c r y s t a l l i z e d from CHQJ.3-Me0H as c o l o u r l e s s needles 




Location of the sugar position of the glycoside TG-4 
Enzymatic hydrolysis of the glycoside TG-4 gave conclusive 
evidences of the position of attachment of two sugars and the 
nature of their linkage. Hydrolysis with almond emulsin liberats 
D~glucose and a partial glycoside which gave a bathochromic shift 
of 20-25 nm with AICI3/HCI in Band II (absent in glycoside) thus 
showing that C-5 hydroxyl which was glycosylated had become free. 
The partial glycoside was Identified as dlhydro kaempferol-3-0-
a-L-rhamnoside, m.p. 174-75°. 
The dlhydro kaempferol-3-O-a-L-rhamnoside on hydrolysis with 
2N HCl gave L-rhamnose (PC) and dihydrokaempferol identified by 
m.p., m.m.p, and co-chromatography with authentic sample. 
Identification of sugars 
Chromatography of aq. hydrolysate on Whatman No. 1 paper in 
n-butanol-acetic acid-water (4:1:5) and n-butanol-water-ethanol 
(80:28.5:16.5) using authentic sugars as checks. The R^-VQlues 
of sugars were calculated with those of glucose (0.18, O.IO) and 
rhamnose (0.37, 0.28). 
Estimation of sugar 
Estimation of sugar was done by the method described 
earlier. The ratio of the aglycone to glycoside was 42.7?^, 
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CHAPTER - FOUR 
FLAVONOIDS FROM fICUS INFECTORIA (MORACEAE) 
The family Moraceae consists of 71 genera and over 1,000 
species, of evergreen tree or shrubs chiefly distributed in the 
tropical and sub-tropical areas* The genus Ficus, a large genus 
consists of about 800 species of trees, shrubs and often climbers 
with milky juice. About 65 species occur in India. The genus 
is remarkable for the large varieties in the habits of its 
species. The wood of Ficus infectoria is made in to charcoal and 
the young shoots are eaten as curries. The bark yields the 
fibres, the branches and leaves are mostly used as fodder for 
animals. The decoction of bark is used as a wash for ulcers and 
injection in leucorrhoea . 
A survey of literature showed that no work on flavonoid 
seem to be done on this plant and therefore the present chemical 
investigation has been undertaken. The present discussion is 
devoted to the isolation and characterization of two new flavone 
glycoside, Luteolin-6-0-p-D-glucopyranoside-3•-O-a-rhamnopyrano-
side (IV), Scutellarein-6-O-a-L-rhamnosyl (1 — > 2)-/3-D-galacto-
pyranoside (V), along with known flavonoidic compounds Apigonin 
(I), Leuteolin (II), Sorbifolin 6-O-glucoside (ill). 
Leaves of Ficus inf ectoria were procured from the Botany 
Department, Aligarh Muslim University, India. Coarsely powdered 
leaves were exhaustively extracted with methanol. The methanolic 
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extracts were concentrated under diminished pressure to a dark 
viscous mass. The dark viscous mass was then extracted successi-
vely with petroleum ether and benzene till the solvent in each 
case was almost colourless. The concentrated extract was then 
treated with hot water. The water soluble part was extracted 
against n-Hexane, Chloroform, Ethyl acetate and n~BuOH. The 
chloroform, ethyl acetate and n-BuOH fractions, found to contain 
some similar spots were combined together and subjected to column 
chromatography over silica gel using petrol, benzene, chloroform, 
benzene-ethyl acetate, ethyl acetate, ethyl acetate-acetone and 
acetone as eluting solvents followed by fractional crystallization 
afforded five crystalline TLC homogeneous substances. They were 
given the labels as F.1-1, FI-2, FI-3, FI-4 and FI-5. 
11=1 
The fraction FI-1 was eluted from the column with benzene-
ethyl acetate (9.5:0.5, 9:1) mixture. It was crystallized as pale 
yellow prism, m.p. 352-53°. It was characterized as 5,7,4'-tri-
hydroxyflavone by H-NMR studies of its acetate (FI-lA), m.p. 184-
85°. The results of -"-H-NMR studies are given in Table-1. 
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TABLE - 1 
Chemical Sh i f t s of Protons of FI-IA 















7.86 (d, J=9Hz) 
7.25 (d, J=9Hz) 
7.20 (d, J=2.5Hz) 




s = singlet, d = doublet, spectrum run in CDClo at 100 MHz, 
TMS as internal standard 6-scale. 




It was eluted from benzene-ethyl acetate (3:2, 1:1) mixture 
as yellow solid. It was crystallized in deep yellow prism from 
ethyl acetate-acetone, m.p. >320 . Elemental analysis agreed to 
2 
the molecular formula C,P^H,QO,. It responded to Shinoda test 
and gave greenish brown colour with FeCl-. The IJV spectrum showod 
\ '^®*-^" at 266, 265 and 345 nm. Furthermore, analysis^ of functional /v max 
groups revealed the presence of phenolic OH (3400 cm" ), a,^-un-
saturated ketonic C=0 (1640 cm~ ) and aromatic nucleus (800 and 
840 cm" ). The changes in the presence of diagnostic shift 
3 
reagents in its \N spectrum pointed out the presence of a free 
hydroxyl group at 5 and 7 positions and 3',4*-dihydroxyl group in 
FI-2. 
Acety la t ion of F I -2 (F ig . 1, Table-2) gave a t e t r a a c e t a t e 
(FI-2A), m .p . a i 200°. The •'"H-NMR spectrum of FI-2A evidenced the 
presence of four aromatic ace toxyls i n t e g r a t i n g for 12 protons at 
d 2 .43 , 2 .35 and 2.33 ass igned t o OAc-5, OAc-7 and O A c - 3 ' , 4 ' . 
The H-NMR a l so e s t ab l i shed a d i s u b s t i t u t e d B-ring as i t showed 
a t y p i c a l two proton m u l t i p l e t at d 7.76 ( J , = 8Hz, J^ = 2.20Hz) 
and d 7.70 (J^ = 8.0Hz, H - 2 ' ) . Another or tho coupled doublet 
i n t e g r a t i n g for one proton was observed at d 7.38 (J = 8.0Mz, 
H - 5 ' ) . This could be a t t r i b u t e d t o 3 ' , 4 ' s u b s t i t u t i o n of the 
B-r lng . The 5,7 d i s u b s t i t u t i o n of the A-ring i s demonstraLo(i by 
to 
nD 
two metacoupled doublets at 0 6.85 and 7.3b (J = 2.01Hz, each) 
assigned t o C-6 and C-8 proton which have sh i f ted s l i q h t l y down 
f i e l d due t o d e r i v a t i z a t i o n . A sharp s i n g l e t at b 6.61 i s 
assigned t o C-3 proton of Y-pyrone system. 
TABLE - 2 
Assignments No. of protons Signal 
H-6 1 6.85 (d, J=2.0Hz) 
H-8 1 7.35 (d, J=2.0Hz) 
H-3 1 6.61 (s) 
H-5' 1 7.38 (d, J=8.0Hz) 
H-6* 1 7.76 (dd, Jj^=8.0Hz, J2=2.20Hz) 
H-2' 1 7.70 (d, J=2.20Hz) 
OAc-5,7 6 2.43 (s), 2.35 (s) 
0Ac-3\4' 6 2.33 (s) 
s = singlet, d = doublet, spectrum run in CDClo at 270 MHz, 
TMS as internal standard (O-scale), 
The mass spectrum of FI-2A (Fig. 2) is fully in agreement 
with the structure (ll). A molecular ion, although weak is 
observed at m/z 454 in accordance with a flavone containing four 
acetoxyl groups. The subsequent removal of four acetoxyls gave 
fragments at m/z 412, 370, 328 and 286. The fragment at m/z 286 
is observed as the base peak as it corresponds to the structure 
(II). A[BJ^] * fragment at m/z 134 fully supported a B-ring with 
Fig 2 
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two hydroxyl groups. An [A, + H]"^* fragment at m/z 153 is 
consistent with the A-ring having two hydroxyl groups. 
On the basis of these results FI-2 is characterized as 
5,7,3',4'~tetrahydroxyllavone (Luteolln) (ll). 
FI~3 
( ( II ) 
FI-3 was eluted from column with benzene-ethyl acetate (2:8, 
1:9) mixture. The glycosidic nature of the prociucL (FI-3) was 
evidenced by the positive Molisch test obtained after hydrolysis 
and by the formation of an osazone. The glycosidic nature was 
further supported by the H-NMR spectrum of the acetate of FI-3A 
(Table-3, Fig. 3) as it showed two aromatic acetoxyls at d 2.46 
(3H) and d 2.27 (3H) and four alcoholic acetoxyls at d 1.99 (9H, 
s, 3-OAc), 6 1.73 (3H, s, 9-OAc) indicating it to be a glucoside 
or galactoside. 
The glycoside gave pink colour with Zn/HCl and red colour 
4 
on treatment with sodium amalgam followed by acidification 
87 
indicating its flavone or flavanone nature. A yellow colour 
5 
with Wilson boric acid reagent and maxima at 269 and 333 nm 
in the UV spectrum indicated it to be a flavone glycoside. It 
gave a brownish green colour with FeCl^ indicating the presence 
of hydroxyl group at C~5. The IR spectrum displayed strong bands 
at 3400 cm"-"- (OH) and 1700 cm'"^  (C=0). A bathochromic shift of 
15 nm with AICI3 further confirmed the presence of a free 5-OH 
group. No shift with fused NaOAc ruled out the possibility of 
a free hydroxyl at 7-position. 
The NMR spectrum of FI-3A (Fig. 3), m.p. >110°, showed a 
sharp singlet at d 6.48 indicating the presence of a C~3 proton 
of Y-pyrone nucleus. The presence of one methoxyl group is 
indicated through a singlet at d 3.99., The remaining singlet in 
the spectrum is at 0 6.78 and it integrates for one hydrogen and 
can be assigned to an aromatic proton shielded by two ortho and 
one para oxygen and was found to arise from the C-8 proton of 
5,6,7-trioxyqenated llavone, Tho aromatic rocjjion also contain 
multiplets of four other protons. Since the multiplets, doublet 
at d 7.78 (J = 9Hz) and at d 7.15 (j = 9Hz), correspond to an 
A2B2 pattern, were assigned to 2',6* and 3',5'-protons of B-ring 
respectively. 
FI--3 on hydrolysis with 10% HCl gave an aglycone m.p. 290-
92° (Ilia). The sugar was identified as glucose by R^-values, 




TABLE - 3 
Assingment No. of protons Signals 
H-3 1 6.48 (s) 
H-8 1 6.78 (s) 
H-2',6' 2 7.78 (d, J=9Hz) 
H-3',5' 2 7.15 (d, J=9Hz) 
4 Aliphatic OAc of 12 1.73, 1.99 (s) 
glucose moiety 2 
Aromatic OAc 6 2.27, 2.46 (s) 
Aromatic OCH3 *^  3.99 (s) 
s = singlet, d = doublet, spectrum run in CDCl^* TMS as 
internal standard (b-scale). 
Demethylation of the aglycone with hydroiodic acid gave a 
yellow product, m.p. >350°, elemental analysis corresponding to 
the molecular formula C,P^H,QO,. Acetylation of the compound with 
acetic anhydride and pyridine yielded a tetraacetate that melted 
at 238-39 and showed no depression in melting point on mixing 
with an authentic sample of scut<^ llai eir\ tetraacetate. The 
aglycone (llla) was thus characterized as sorbifolin by ferric 
reaction. R^ values, spectral and chromatographic comparison 




( III ) 
H^O 
OCH. 
( Ilia ) ( Illb ) 
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On the basis of the above colour reactions and examination 
of the products of hydrolysis, the glycoside was identified as 
flavone glucoside having sorbifolin as an aglycone. 
The position of the sugar residue in the glycoside was 
confirmed by hydrolysis of the methylated glycoside. The partial 
methyl ether thus obtained was characterized as 6-hydroxy 4\5,7-
trimethoxyflavone (lllb) (m.p. 221 ) by m.p., m.m.p. with an 
7 
authentic sample and ultraviolet spectral analysis with custo-
3 
mary shift reagents , 
The quantitative estimation of sugar by Somogyis Copper 
g 
micro method showed the presence of one mole of glucose per 
mole of aglycone. 
FI-3 Was therefore characterized as sorbifolin 6~glucoside 
(III). 
FI~4 
It was eluted from silica gel column with Et0Ac-Me2C0 
(9.5:0.5) mixture as yellow solid which was found to be contal-
minated with some impurities. It was purified by preparative 
TLC using EtOAc~Me2CO-HOAc-H20, 20:3:1:1 as elutlng solvents. 
Elemental analysis agreed to the molecular formula ^ 2-71^ 200.. 
m.p. >300°. It Was recognized to be a flavone glycoside by its 
2 
characteristic colour reactions of flavonoids and responded 
91 
positively to Molish test and reduce Tollen's reagent indicating 
it to: be a flavone glycoside. Its IR spectrum displayed strong 
absorption bands at 3400 (OH), 1655 (a,^-unsaturated C=0), 2945 
(C-H) and a broad band at 1090 and 1170 cm" suggesting its 
0-glycosidic nature. The ultraviolet spectra and the diagnostic 
3 
shifts were characteristic of the presence of free hydroxyl 
groups at 4',5,7-positions. Furthermore, the complete acid sta-
bility of the AlClo complex together with negative borate reaction 
ruled out the presence of 0-dihydroxyl group either in A or B-ring. 
Total acid hydrolysis of the glycoside gave an aglycone 
(iVa) and equimolar quantities of glucose and rhamnose. The 
sugars were identified by paper chromatography and GLC of alditol 
acetate. The aglycone (IVa) gave positive borate test and form 
acid labile AlCl^ complex (absent in glycoside) thus showing, 
that the sugar is linked to the 6 and 3' positions of the aglycone 
(or the presence of 0-dihydroxyl system in aglycone respectively). 
On methylation aglycone form pentamethyl ether, m.p. 175-76° which 
was found to be identical with an authentic sample of 5,6,7,3*,4'-
pentamethylf lavone (iVb). The aglycone was, thur. characterized 
as 6-hydroxyluteolin (IVa) m.p. 283-84° corresponds to molecular 
formula C,R^ H,Q0y by spectral and chromatographic comparison with 
authentic sample'^ 
Acetylation of the glycoside FI-4 with Ac„0/Py gave a 
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H-NMR spectrum of the acetate in CDCI3 Indicated it to be a 
diglycoside [it showed multiplets at d 1,70-2.45 integrated for 
30 protons due to ten acetoxyls (3 aromatic and 7 aliphatic)]. 
The H-NMR spectrum also exhibited two singlets at d 6.84 and 
d 7.31, characteristic of C-3 and C-8 proton respectively. The 
C-8 proton signal has shifted little downfield due to derivati-
zation and slightly merged with the B-ring multiplet. The 3',4'-
disubstitution on the B-ring was indicated by a double doublet 
at d 7.97 (J = 2.0Hz, J = 9H2), a doublet at d 7.93 (j = 2.0Hz) 
and another doublet at d 7.34 (j = 9Hz) for C-6',2' and 5* protons 
respectively. The anomeric protons at 6 5.60 (J = 9Hz) and d 4.51 
(J = 1.2Hz) were assigned to 1*'-H glucose (^-configuration) and 
l'''-H rhamnose (a-configuration) respectively. The rhamnosyl 
methyl appeared as a characteristic doublet at 6 1.20 (j = 6.2nz). 
The remaining sugar protons were observed in the range d 3.58 -
5.60 as expected. 
The mass spectrum of FI-4A was in full agreement with Lhe 
assigned structure. The molecular ion peak has not been observed 
as expected. The presence of acetylated hexopyranoside and 
deoxyhexopyranoside was evidenced by the presence of fragment 
ions at m/z 331 and m/z 273 respectively. The fragment ion 
observed at m/z 428 accounted for the loss of both acetylated 
sugars from the molecular ion. The aglycone fragment was observed 
at m/z 302. A retro-Diels-Alder fragmentation pattern was 
p'a ^ 
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observed at m/z 169, m/z 134, m/z 137, leading to fragments 
[A-^+H]"*", [B^]"^* and [B^]"^*. The results supported the presence 
of three hydroxyl groups in ring-A and two hydroxyls in riny-B. 
TABLE - 4 






3 Aromatic OAc 
7 A l i p h a t i c OAc 
H - 1 " ( g l u c o s y l ) 
H - l ' ' * ( rhamnosyl ) 















7.97 (dd, J^ = 2.0Hz, 
J^ = 9Hz) 
7.93 (d, J = 2.0Hz) 
7.34 (d, J = 9.0Hz) 
2.45-2.32 (9H, m) 
1.70-2.12 (21H, m) 
5.60 (d., J = 9.0Hz) 
4.25 (d, J = l,.2Hz) 
3.58-5.60 (12H, m) 
1.20 (d, J = 6.2Hz) 
s = singlet, d = doublet, dd = double doublet, spectrum run in 
CDCI3 at 270 MHz, TMS as internal standard (d-scale). 
Enzymatic hydrolysis of the glycoside (IV) gave conclusive 
evidences of the position of attachment of two sugars and the 
nature of their linkages. Hydrolysis of the parent glycoside 
with a-pectinase (which contain a-rhamnosidase) gave L-rhamnose 
94 
and a partial glycoside (iVc), which gave a bathochromic shift 
of 22 nm and 20 nm in band I with AICI3/HCI and NaOAc/H3B03 
respectively suggesting that C-3' hydroxyl which was glycosylated 
in glycoside had become free. The partial glycoside (iVc) was 
identified as Leuteolin 6-glucopyranoside, m.p. 2b8-59°C 
(a)p-215 by UV diagnostic shift reagents and co-chromatography 
with authentic sample . 
Methylation of partial glycoside followed by hydrolysis 
with 2N HCl gave partial methyl ether, m.p. 220-222^^ characteri-
zed as 6-OH, 5,7,3*,4'-tetramethylflavone (6-hydroxylluteolin 
5,7,3',4'-tetramethyIflavone) (IVd) by spectral and chromatogra-
9 
phlc comparison with authentic sample . The methylated sugar 
was identified as 2,3,4,6-tetra-0-methyl-/3-D-glucose by SiO^ TLC 
12 
according to Petek 
Quantitative estimation of sugar showed 2 moles of sugar/ 
mole of aglycone. 
On the basis of these findings, this novel glycoside has 
been identified as luteolin-6-0-p-D~glucopyranoside--3'-0-a-L-
rhamnopyranoside (IV). To the best of our khowledge this 
constitutes the first report of any glycoside from the 6-OH 
luteolin. [Published in JCR(S) 396-97 (1990)]. 
95 
CH^OH 
( IV ) 
CH OH 
2 
( IVc ) 
OR "3^' 
OCH 
( IVa) R = H ( IVd ) 
(iVb) R o CH 
96 
FI-5 
It was eluted from silica gel column with EtOAc-Me^CO (6:4) 
mixture as deep yellow solid. TLC examination of the above 
fraction showed one major spot with some minor impurities. 
It was purified by preparative TLC over silica gel (EtOAc-Me,^CO-
HOAC-H2O, 10:3:0.7:0.7) and crystallized from chloroform-methanol 
as shining needles, m.p. 319-20 . Elemental analysis agreed to 
the molecular formula C27HOQO,C. It "was recognized to be a 
2 flavone glycoside by its characteristic colour reactions of 
flavonoids and responded positive to Molish test and reduce 
Tollen's reagent indicating it to be flavone glycoside. Its IR 
spectrum displayed strong absorption bands at 3480 (OH), 1645 
(C=0), 1620, 1585 (C=C, aromatic), 2940 (C-H) and a broad band 
at 1080 and 1120 cm" suggesting it was 0-glycoside nature. The 
UV spectra (1 l!l®?^  269, 290sh, 330) and diagnostic shifts^ were /i max 
characteristic of presence of free hydroxyl groups fit 4',b,7-
position and ruled out the possibility of 0-dihydroxyl group. 
Total acid hydrolysis of the glycoside (10% HCl, 2 hr at 
100 C) yielded equimolar quantity of the D-galactose, L-rhamnose 
(PC and GLC of TMS ether derivative) and an aglycone (Vb), m.p. 
345°, "^  ^ ^^ at 285, 293sh, 345, which gave positive borate test 
and form acid labile AlCl^ complex (absent in glycoside), thus 
showing that the sugar is linked to the 6-position of aglycone 
M max ®^ "^ ^^  •'•^  characteristic of the flavone with free hydroxyl 
97 
group at 6-position). The aglycone on methylation gave a tetra 
methyl derivative, m.p. 160-62° and on acetylation gave a tetra 
acetyl derivative, m.p. 238-39°. The aglycone was thus characte-
rized as scutellarein by spectral and chromatographic compariso-n 
13 
with authentic sample 
Acetylation of glycoside (V) with kCrp/^Y gave a nona-
acetate derivative (Va) (TABLE-5), m.p. 137-38°. H-NMR sppctrvjm 
of the acetate in CDCl^ exhibited a singlet for 3 protons at 
6 2.52 and another a singlet for 6 protons at d 2.39 were assigned 
C-5 acetoxy and C-7,4' acetoxyls respectively. A multiplet at 
0 1.98-2.17 integrated for 18 protons was due to six aliphatic 
acetoxyls. H-NMR spectrum also exhibited two ortho coupled 
doublets two protons each at d 8.09 (J = 8.5Hz) d 7.19 (j = 8.5Hz) 
were assigned to C-2',6' and C-3',5' protons respectively. The 
5,6,7-trisubstitution on the ring A was indicated by a sharp 
singlet at (i 7.00 for C-8 proton. Another sharp singlet at 
d 6.85 indicated the presence of C-3 proton of a Y-pyrone nucleus. 
The C-8 proton singlet was shifted little downfleld due to derl-
vatization. The sugar protons were observed in the range of 
d 3.59-5.51. The pyranosyl structures of galactose and rhamnose 
were confirmed by the appoaranc» of anomoric px-oLoi^ r., H-l'* 
(galactose) as doublet (J = 8.0Hz) at d 5.32 and H-1'• (rhamnose) 
as doublet (J = l.OHz) at d 4.29. The rhamnosyl methyl appeared 
as a doublet at 6 0.89 (J = 6.5Hz). The presence of characteristic 
high field signal for 6'*-0-acetyl at 0 1.98 suggested 1 — > 2 
, ^ = = -
98 
in te r sugar linkage whitsh was further confirmed by the identi-
f ica t ion of methylated sugars. 
TABLE - 5 
Assignments No. of protons Signals 
H-2%6* 





6 - A l i p h a t i c OAc 
Sugar p r o t o n s 
H - 1 " ( g a l a c t o s y l ) 













8.09 (d, J = 8.5Hz) 







5.32 (d, J = 8.0Hz) 
4.28 (d, J = l.OHz) 
0.89 (d, J = 6.5Hz) 
s = singlet, d = doublet, m = multiplet, spectrum run in CDCl^ 
at 270 MHz, TMS as Internal stanciard (O-scale). 
The mass spectrum of (Va) was in full agreement with the 
assigned structure. The molecular ion peak was not observed as 
expected. The presence of acetylated deoxyhexopyranoside was 
confirmed by the presence of fragment ion at m/z 273 and a frag-
ment ion observed at m/z 289 wan duo to loss of accLylnLod 
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99 
galactosyl residue from the flavonoid skelton. The fragment 
ions observed at v\l v. 412 accounted for the loss of acetyl ated 
disaccharide from the molecular ioh. The aglycone fragment ion 
was observed at m/z 286. A retro-Dlels-Alder fragmentation 
pattern of aglycone resulted in the formation of ions at m/z 
169, m/z 121 and m/z 118 which corresponded to [Aj^ -fH J"*"*, [B^ ]"*" 
and [B,] ' fragments. The sugar fragments were observed at 
m/z 213, 153, 111, etc. 
Methylation of glycoside (V) followed by acid hydrolysis 
gave a partial methyl ether characterized as 6-hydroxy-4',5,7-
trimethoxy flavone (Vc) m.p. 221° [Found C, 6^.96; H, 4.91; 
Cald. for C^ gH,^ ^^ 0^  : C, 65.85; H, 4.87?^ ] by its spectral data 
7 
and co-chromatography with authentic sample . The methylated 
sugars were identified by SiO^ TLC and paper chromatography 
12 
according to Petek , as 3,4,6-tri-O-methyl-D-galactose and 2,3,4-
tri-0-methyl-L-rhamnose. This finally established the inter 
sugar linkage as (l —> 2) and that the sugars wore linked to 
position 6. 
Tlie glycoside was not hydrolysed with p-ylucosi(Jase. 
Enzymatic hydrolysis with p-galactosidase liberated an aglycone 
and disaccharide. However, the hydrolysis with diastose liberates 
only rhamnose indicating the p-linkage between aglycone and 
nature of sugar L-rhamnose was a-linked with D-galactose. 
100 
Q u a n t i t a t i v e es t imat ion of sugars showed the presence of 
two moles of sugar per mole of aglycone and the por ioda te o x i -
da t ion of t h e glycoside (V) confirmed both thj^ sugars were 
pyranose form. 
On t h e bas i s of the r e s u l t s the g lycos ide has been i d e n t i -
f ied as scutellarein~6-0-a-L?TrhamnoSyl (1 -^ 2)--p-D~galactopyrano-
s ide (V). To the best of our knowledge t h i s c o n s t i t u t e the f i r s t 
r epor t of any glycoside from the s c u t e l l a r e i n . [Accepted in 
J .C .R . (S ) 1991], 
( Va) R = Ac 
OR 4 
( Vb ) I\-^  •-. t r ~ ir^ •- i r - 11 
( Vc ) R^ = R 3 = R 4 ^ ^2 ^^ 
EXPERIMENTAL 
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Extraction of the leaves of ^icus Infectorla (Moraceae) 
Dried and powdered leaves (5 kg), procured from the 
University campus, AMU, Aligarh, were extracted four times 
with petroleum ether (40-60°) to remove chlorophyll and waxy 
materials. The petrol exhausted leaves were refluxed with 
methanol till the solvent in each case was almost colourless. 
The combined methanol extracts were concentrated in vacuo untlll 
only water remained. The concentrated extract was partitioned 
against n-Hexane, Chloroform, Ethylacetate and n-butanol. The 
chloroform, ethylacetate and n-butanol fractions were foynd to 
contain some similar spots on TLC over silica gel using following 
solvent systems : 
1. Benzene - Pyridine - Formic acid (36:9:5) 
2. Toluene - Ethyl formate - Formic acid (5:4:1) 
3. Benzene - Methanol - Acetic acid (45:10:6) 
4. Ethylacetate - Ethyl methyl ketone - Acetic acid - Water 
(20:3:0.7:0.7). 
5. Ethylacetate - Acetone - Acetic acid - Water (20:3:1:1) 
These fractions were, therefore, combined together and 
subjected to column chromatography over silica gel using n-hexane, 
petrol, petrol-benzene, benzene, benzene-ethylacetate, ethyl 
acetate, ethylacetate - acetone, acetone and finally methanol 
as eluting solvents. 
102 
FI-1 
The benzene - ethylacetate (9.5;0.5, 9:1) eluate on 
recovery of the solvent gave a pale yellow solid (FI-l) which 
on crystallization gave yellow needles, m.p. 352°. 
Anal. Calcd. for ^I^^IQ^^^ « C, 66.66; H, 3.70 
Found : C, 66.72; H, 3.725^  




















FI-1 (40 mg), acetic anhydride (l ml) and dry pyridine 
(0.5 ml) were heated on a water bath for 2 hours, worked up 
as usual and crystallized from CHCl3-Methanol (20 mg) as colour-
less needles, m.p. 184-85°. 
•^ H-NMR (CDCI3) : Values on d-scale 
7.86 (2H, d, J=9Hz, H-2',6'), 7.25 (2H, d, J=9Hz, H-3',5'), 
7.20 (IH, d, J=2.5Hz, H-8), 6.80 (IH, d, J=2.5Hz, H-6), 6.58 
(IH, s, H-3), 2.42 (3H, s, OAc-5), 2.32 (6H, s, OAc-4',7). 
103 
FI-2 
FI-2 was isolated from benzene ~ ethylacetate (3:2, 1:1) 
fractions. The solvent was removed by distillation under reduced 
pressure on a water bath. The residue on crystallization from 
ethylacetate - acetone gave deep yellow prisms, m.p. >320 . 
Anal. Calcd. for CJ^^HJ^QO^ : C, 62.93; H, 3.49 
Found : C, 62.95; H, 3.51% 
UV data i ^  „^^ nm 
'* max 
MeOH 269, 290sh, 345 
NaOMe 296, 329sh, 396 
NaOAc 290, 326sh, 376 
NaOAc/HgBO^ 278, 291sh, 360, 430sh 
AICI3 276, 304sh, 328, 426 
AICI3/HCI 266sh, 294sh, 355, 385 
Acetvlatlon of FI-2 
It was acetylated with acetic anhydride (1 ml) and pyridine 
(0.5 ml) by usual method and crystallized from chloroform-
methanol as colourless needles, m.p. 200 . 
•••H-NMR (CDCI3) : Values on d~scale 
6.85 (IH, d, J=2.0Hz, H-6), 7.35 (IH, d, J=2.0Hz, H-8), 
6.61 (IH, s, H~3), 7.76 (IH, dd, H-6', Jj^=8.0Hz, J2=2.20Hz), 
104 
7.38 (IH, d, J=8.0Hz, H-5'), 7.70 (IH, d, J=2.20Hz, H-2'), 2.43 
(3H, s, OAc-5), 2.35 (3H, s, OAc-7), 2.33 (6H, s, 0Ac-3',4«). 
MS data ; m/z 
454 [M]"**-, 412 [LM]-^--42]'*-, 370 [ (M)"*'--(2X42) J"^  *, 328[(M)"*'' 
(3x42)]"^ , 286 L(M)'^'-(4X42)3+\ 153 [A^ + H]"^*, 134 [B^]"^*. 
FI-3 Was crystallized from ethylacetate - methanol as 
yellow needles, m.p. >310 (d). 
Anal. Calcd. for C22H22^11 * C» S'7«14; H, 4.76 
Found : C, 57.20; H, 4.805^ . 






















A crystalline glycoside (35 mg) was heated with acetic 
anhydride (3 ml) and dry pyridine (1.5 ml) at 100° for 3 hours 
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The reaction mixture was cooled at room temperaluie and poured 
over crushed Ice. The separated solid was filtered, washed well 
with water and dried. On crystallisation from dilute othanol 
it gave colourless needles (25 mg^, m.p. 110-11 . 
•"•H-NMR (CDCI3) s Values on d-scale 
6.48 (IH, s, H--3), 6.78 (IH, s, H-8), 7.15 (2H, d, J=9Hz, 
H-3',5'), 7.78 (2H, d, J=9Hz, H-2',6'), 3.99 (3H, s, OCH3-7), 
2.27, 2.46 (OAc-4',5'), 1.99 (9H, s, 3xOAc), 1.73 (3H, s, OAc). 
Acid hydrolysis of FI-3 
The glycoside (100 mg) was dissolved in 25 ml of 10?^  
aqueous HCl-MeOH (1:1) and heated on a water bath. The hydroly-
sis appeared to be completed within 30 minutes. The heating 
was continued for two hours to ensure complete hydrolysis. After 
leaving overnight, the yellow aglycone thus separated out was 
filtered, washed well with water and dried. The crude product 
on crystallization froiri mothAnol gavo yfjj low noodloa (70 iruj), 
m.p. 290-92 . It showed no depression on admixture with an 
authentic sample of sorblfolin. 
Anal. Calcd. for C^^H^^^^^ ' C, 64.00; H, 4.00 
Found : C, 63.96; H, 3.9B?S. 









Acetvlation of Sorblfolln 
Sorblfolin (25 mg) was heated under reflux with acetic 
anhydride (2.5 ml) and fused sodium acetate (100 mg) on a water 
bath for two hours. After cooling, the mixture was poured over 
crushed ice and left overnight. The solid was collected, washed 
with water and dried on crystallization from ethanol it gave 
colourless needles (18 mg), m.p. 226-28 . 
Anal. Calcd, for C22H3^gO^ : C, 61.95; H, 4.26 
Found : C, 62.03; H, 4.30?^  
•'•H-NMR (CDCI3) : Values on d-scale 
7.90 (2H, d, J=9Hz, H-2«,6'), 7.28 (2H, d, J=9Hz, H-3',5'), 
6.60 (IH, s, H-8), 6.58 (IH, s, H-3), 3.80 (3H, s, OCH3-7), 2.42 
(3H, s, OAc-5), 2.35 (6H, s, OAc-4',6). 
Methvlation of Sorblfolin 
Sorbifolin (20 mg), dimethyl sulphate (0.2 ml), anhydrous 
potassium carbonate (0.3 mg) were refluxed for 24 hours. The 
reaction mixture was filtered and the residue washed several 
times with hot acetone. On distilling off the solvent, a brown 
viscous semisolid mass was left behind. It was washed with hot 
petroleum ether to remove the excess of dimethyl sulphate. The 
solid residue on crystallization from ethylacetate - methanol 
gave colourless needles (10 mg), m.p. 188-89°. 
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Anal. Calcd. for Cj^ H^j^ gO^  j C, 66.66; H, 5.26 
Found : C, 66.61; H, 5.23%. 
Chromatographic Identification of sugar 
The acidic filterate, left after filtering the aglycone 
was extracted with ether and then with ethylacetate to ensure 
the complete removal of any residue aglycone. The solution was 
concentrated to a syrup in vacuum over NaOH pellets. The con-
centration was continued till the syrup was neutral to litmus 
paper. The syrup was chromatographed on Whatman No. 1 filter 
papers using butanol - acetic acid - water (4:1:5) and butanol -
water - ethanol (60:28.5:16.5) as solvent systems, employing 
descending techniques. Authentic sugars were used as checks. 
The chromatograms were run for 24 hours and after drying at room 
temperature were sprayed with aniline pthalate and p-anisidine 
phosphate solutions. The chromatograms on drying at 100-05 
showed the presence of only glucose. 
Estimation of su(.iar 
The anhydrous glycoside (20.5 mg) was hydrolysed by refluxing 
for two hours 2% H2S0^. After cooling overnight, the aglycone 
was filtered, washed, dried and weighed (13.2 mg). Thus ratio 
to the glycoside is 64.3?^  and this ratio indicates the presence 
of one mole of sugar per mole of aglycone. 
The quantitative estimation of sugar by Somogyis copper 
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micro method gave the value (0.44 ml) which corresponds to 1 
mole of sugar/mole of aglycone. 
6-HYdroxv--4*, 5t7~trimethoxvf lavone 
Glycoside (30 mg) was dissolved in dry acetone and refluxed 
with an excess of dimethyl sulphate (1.2 ml) and ignited potassium 
carbonate (3 gms) for 36 hours on a water bath. The mixture was 
filtered and the residue was washed with hot acetone. After 
distilling otf the solvent from tl»e fliterate brown residue was 
left behind. The excess of dimethylsulphate was removed by 
washing the methylated product several times with hot petroleum 
ether. It was hydrolysed by heating with 7% H2SO. for two hours. 
The reaction mixture was left overnight, a faintly yellowish 
powder separated out. It was filtered washed with water and 
dried. On several crystallization from methanol it gave straw 
needles (16 mg), m.p. 221°. 
Anal. Calcd. for Cj^ gH^ ^^ O : C, 65.85; H, 4.87 
, Found : C, 65.81; H, 4.82%. 
FI-4 
FI -4 was obtained from EtOAc-Me2CO ( 9 . 5 : 0 . 5 ) mixture as 
pale yellow so l id which was pu r i f i ed by p r e p a r a t i v e TLC over 
s i l i c a gel using Et0Ac-Me2C0-H0Ac-H20, 2 0 : 3 : 1 : 1 as e l u t i n g 
s o l v e n t s . I t was c r y s t a l l i z e d as yellow need les , m.p. >300°. 
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Anal. Calcd. for C^j^i^^p^^ x C, 53.lit H, 4,91 
Found : C, 53.14; H, 4.86?i. 







IR ^ £1^ 
(KBr) cm -1 
222sh, 259, 352 
220sh, 271, 360 
270, 362 
241, 284sh, 322sh, 410 
270, 296, 366sh, 390 
269, 298, 355, 389 
3400, 2945, 1655, 1510, 1170, 1090, 800. 
Acetylation of the glycoside 
The crystalline glycoside (40 mg) was acetylated with acetic 
anhydride (3 ml) and pyridine (1.5 ml) in the usual manner to 
afford a decaacetate derivative (25 mg) as a cream coloured need-
les, m.p. 99-101°. 
•'•H-NMR (CDCI3) : Values on d-scale 
7.97 (IH, dd, Jj^=9.0Hz, J2=2.0Hz, H-6«), 7.93 (IH, d, 
J=2.0Hz, H-2'), 7.34 (IH, d, J=9Hz, H-5'), 7.31 (IH, s, H-8), 
6.84 (IH, s, H-3), 2.45-2.32 (9H, m, 0Ac-5,7,4M, 1.70-2,12 
(21H, m, aliphatic acetoxyls), 3.58-5.60 (12H, m, sugar protons), 
1.20 (3H, d, J=6.2Hz, rhamnosyl methyl). 
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Acid hydrolysis of the glycoside 
A solution of the parent glycoside (75 mg) in 2N HCl-MeOH 
(5 ml) was refluxed on a waterbath at 100°C for 2 hours. The 
mixture was poured on to ice water and extracted with EtOAc. 
After evaporation of the solvent, the residue was crystallized 
from CHCl^-MeOH to give an aglycone, as yellow needles (23 mg), 
m.p. 283-85 , The aglycone showed no depression in melting 
point on admixture with 6-hydroxyluteoHn. 
Anal. Calcd. for C^^^HJ^QO^ : C, 59.60; H, 3.31 
Found : C, 58.98; H, 3.33?^ . 













320sh, 358, 396 
345, 380 
298, 380, 420 
290, 358, 398 
The neutral aqueous hydrolysate was examined by paper 
chromatography employing n-Butanol-HOAc-H^O as developing 
solvents and using authentic sugars as checks. The chromato-
grams were sprayed with aniline pthalate and p-anisidine 
phosphate solutions. The chromatograms on drying at 100-05 
showed the presence of rhamnose (R^ . 0.36) and glucose 
(H^ 0.18). 
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Methvlatlon of the aalvcone 
The aglycone (20 mg) In dry acetone (25 ml) was refluxed 
with dimethyl sulphate (0.4 ml) and freshly ignited potassium 
carbonate (1 gm) for 30 hours. After usual workup the solid 
obtained was crystallized from ethyl acetate as colourless 
needles (9 mg), m.p. 175-76 . 
Anal. Calcd. for C2QH2QO^ : C, 64.50? H. 5.4 
Found : C, 64.50; H, 5.6% 
Enzymatic hydrolysis of the glycoside 
A mixture of compound (50 mg) in H^O (10 ml) was incubated 
over night with a-pectinase (which contain a-rhamnosidase) at 
18°C. The solvent was evaporated in vacuo and the residue 
treated with MeOH. The methanol soluble portion was subjected 
to CC over sephadex L-20 (609^  Aq. MeOH, EtOH) to afford a suqar 
(5 mg) and partial glycoside, m.p. 258-59°, (a)p-2l.5°(Pyridine)' 
identified as luteolln-6-0-qlycosi(ie by direct coinparlson witli 
authentic sample. The sugar was identitied as L-rhamnose by PC 
(four solvents) and by Osazone formation, L-rhamnosazone, m.p. 
184-86° (a)p^^ +47.6 (Me2C0). 











^ IR : V„,V cm max 
275sh, 298, 358 
269, 303sh, 330 
277, 398 
3400br, 2910, 1659, 1600, 1355, 1170 
1090, 910, 830. 
Methvlatlon of partial glycoside followed by acid hydrolysis 
CH3I (1 ml) and Ag20 (30 mg) were added to a solution of 
partial glycoside as obtained above (30 mg) in DMF (3 ml). The 
contents were filtered to dryness and the residue was treated 
with ethanol (20 ml). The alcohol was recovered and the syrupy 
residue was hydrolysed with 2N HCl (lOO^C, 2 hr.). On usual 
workup it gave methylated aglycone (12 mg), m.p. 220-22 C 
characterized as 6-OH, 5,7,3',4'-tetramethoxyflavone. 
Anal. Calcd. for Cj^ H^j^ gO^  : C, 63.40; H, 5.02 
Found : C, 63.44; H, b,Ob%. 
The methylated sugar was i d e n t i f i e d as 2 , 3 , 4 , 6 - t e t r a - O -
methyl-D-glucose by TLC ( S i - g e l , Toluene-MeOH, A:l) and by m.p . , 
m.m.p. and (Q:)^ values and GLC of a l d i t o l a c e t a t e . 2 , 3 , 4 , 6 -
Tetra-0-methyl-D-glucose , m.p. 96-97°, (a)p2^ 92 > 84. 
GLC of a l d i t o l a c e t a t e of permethylated hydro lysa te 
The a l d i t o l ace t a t e d e r i v a t i v e of sugar were prepared as 
descr ibed e a r l i e r . Aldit<Jl a ce tn t f s were r. ubj oc l.cd to Gl.C 
a n a l y s i s , using WCOT, column OV-101 at 100° for 20 minutes then 
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r a i s e d t o 230"^ at l°C/niin. The corresponding a l d i t o l a c e t a t e 
of 2 ,3 ,4 ,6 - t e t r a -O-methy l -D-g lucose was i d e n t i f i e d by comparison 
of t h e i r R. -va lue with those of au then t ic sugar (R = 0 .997 ) . 
Est imation of sugar 
The sugar was es t imated by the method as descr ibed e a r l i e r . 
The r a t i o of the aglycone to the glycosicle was found t o be AA,B% 
i n d i c a t i n g t he presence of 2 mole of sugar per mole of aglycone. 
Somogyis copper micro method gave the value (1.69 CC) 
which a l so corresponds t o two moles of sugar per mole of aglycone 
FI -5 
The fraction FI-5 was obtained from EtOAc-Me^CO (6:4) 
mixture as deep yellow solid which was purified by preparative 
TLC over silica gel using EtOAc-Me2CO-HOAc-H20, 10:3:0.7:0.7 as 
eluting solvents. It was crystallized as shining needles, m.p. 
319-20°. 
Anal. Calcd. for ^27^30^1^ ' ^* 54.54; H, 5.Of) 
Found : C, 54.45; H, 4.9^. 
UV data : i^ „ „ nm 
'^  ' m^x 
MeOH 269, 390sh, 330 
AICI3/HCI 280, 291, 348 
NaOAc 280, 291, 365 
NaOAc/H3B03 281, 290sh, 365 
NaOMe 285, 303, 388 
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ty max^ "^ ^^ ^ ^"^'^ "^^ ^^^ ^ '^^ ^^  ^ ^ ^ ° ' ^^®^' ^^'^*^' •'•°®°' •^^ ' " x 
1120. 
Acetvlatlon of glycoside 
The crystalline glycoside (30 mg) was acetylated with 
acetic anhydride (3 ml) and pyridine (1.5 ml) at 100° for 2 hrs. 
Workup in usual manner afforded a nonaacetate derivative (Va) 
as colourless needles, m.p. 137-38 . 
•'•H-NMR (CDCI3) % Values on d-scalo 
8.09 (2H, d, J=8.5Hz, H-2S6'), 7.19 (2H, d, J=8.5Hz, H-3«, 
b«), 7.00 (IH, s, H~8), 6.85 (IH, s, H-3), 2.52 (3H, s, OAc-5), 
2.39 (6H, s, OAc-7,4'), 1.98-2.17 (I8H, m, aliphatic acetoxyls), 
3.59-5.51 (12H, m, sugar protons), 5.32 (IH, d, J=8.0Hz, galacto-
syl H-1''), 4.2 8 (IH, d, J=1.0Hz, rhamnosyl H-1'''), 0.89 (3H, 
d, J=6.5Hz, rhamnosyl methyl). 
MS t data (m/z) 
LM]"^* absent, 412 [M"*"'-acetylated disaccharideJ"^, 370 
[412 - Ac*]"^-, 328 [412-2XAC •]•*•*, 286 [aglycone fragment]"^*, 
169 [Aj^ +H]"^ -, 121 LB2]"*', 118 [B^ ]^"*"*, 273 [rhm (Ac)3] + , 289 
[Gla (Ac)3]+, 
Acid hydrolysis of glycoside 
A soluLlon of the qjycosidp (40 mg) in 10% ^KJ. IICl-MoOH 
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was heated on a water bath. The hydrolysis appeared to be 
completed within one hour. The heating was continued for two 
hours to ensure complete hydrolysis. After leaving overnight 
the yellow aglycone thus separated out was filtered, washed 
well with water and dried. The crude product on crystallized 
from methanol gave yellow needles (20 mg), m.p. 345 . It showed 
no depression in melting point on admixture with an authentic 
sample of scutellarein. 
Anal. Calcd. for CJ^^^HJ^QO^ : C, 62.93; H, 3.49 
Found : C, 62.83; H, 3.44^. 


















300, 309, 369 
302sh, 412 
The aqueous hydrolysate after neutralized over KOH pettlos 
was subjected to paper chromatography employing n-butanol-acetic 
acid -• water (60:28.5:16.5) and n-butanol - water - ethanol 
(40:10:50), using authentic sugars as checks. Aniline hydrogen 
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pthalate and p-anisidine phosphate solutions were used as spray 
reagents. The R^-valuea of sugars were identical with those of 
rhamnose (0.37, 0.28) and galactose (0.15, 0.-12). 
GLC of sugars 
The neutral aqueous hydrolysate was evaporated to dryness. 
The aqueous hydrolysate (3 mg) was dissolved in dry pyridine and 
trimethyl,, silyl ether, prepared by addition of hexamethyl 
disilazane (1 ml) and chlorosilazane (0.5 ml). The mixture was 
separated on a column of 3% OV-I silanized chromosorb W operated 
at 185 , helium flow rate at 30 ml/min. The R. (minutes) observed 
for investigated TMSi derivatives corresponds to p-rhamnose (0.21 
and 0.28), a- and ^-galactose (0.57 and 0.69). The observed 
R.-values are in agreement with those of rhamnose and galactose. 
Methylation of glycoside (V) followed by acid hydrolysis 
NaH (250 mg) was stirred with DMSO (15 ml) at 80° for 30 
minutes under N,, gas. To this reagent, solution of tho glycoside 
(40 mg) in DMSO (1 ml) was added arid thp roactlon mixture wao 
poured into ice-water and extracted with EtOAc, washed with H2O 
and dried. The products obtained wus purified by TLC ur.inc) 
C^H^-Me2C0 (4:1) as the developing solvents. The permethylated 
product obtained was crystallized from CHCl^-MeOH as colourless 
needles. The permethylated glycoside on hydrolysis with 2N HCl 
gave 6-hydroxy, 4',5,7-trimetlioxyllavone (scuLeilareln trimethyl 
ether), m.p. 221°. 
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Anal. Calcd. fox ^iQ^i(p(^ i C, 65.85; H, 4.87 
Found : C, 65.93; H, 4.919^ . 
The methylated sugars were identified as 3,4,6-tri-O-
methyl-D~galactose and 2,3,4-tri-O-methyl-D-rhamnose on TLC 
Si-gel, toluene : MeOH,(4:l). 
Periodate oxidation of glycoside 
The glycoside (25 mg) was oxidized by NalO. at room tempe-
rature in 25 ml 909^  EtOAc. A blank was run simultaneously. It 
was observed after 60 hrs that 3.14 mole of periodate were 
consumed with the liberation of 1.12 moles of formic acid per 
mole of glycoside. 
Estimation of sugar 
The anhydrous glycoside (45 mg) was hydrolysed by refluxing 
for 2 hours with 2% H2S0^. After cooling overnight the aglycone 
was dried and weighed (10.2 mg). The ratio of aglycone to glyco-
B1(1O is AA»S% indlcnt i nq tho pronrnco of 2 mnlpi of "-.ucjnr pnr 
mole of aglycone i.e. 1 mole each of galactose and rhamnose. 
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QHAn-pH - F l ^ 
FLAVONOIDS FFIOM THE LEAVES OF CASSIA BIFLORA (LEGUMIMOSAE) 
Ttie f ami ly Loyuiiiinosae c o n s i s t s of about A\i2 cjftifxa rand 
12 ,000 s p e c i e s of e v e r g r e e n t r e e s , h e r b s , w a t e r p l a n t s , and 
shu rbs . The genus c a s s i a compr i se s about 580 s p e c i e s d i s t r i -
2 buted mos t ly i n t h e t r o p i c a l and s u b t r o p i c a l r e g i o n of t h e world . 
About 20 s p e c i e s found i n I n d i a , f ind e x t e n s i v e use in f o l k 
med ic ine f o r t h e t r e a t m e n t of c h e l o i d t u m o r s , r i n g worm, i n s e c t i -
3 
bites and rheumatism . 
A survey of the literature showed that no work seems to 
have been done on this plant and therefore the present chemical 
investigation have been undertaken. The present discussion is 
devoted to the isolation and characterization of one new flavone 
glycosides, Kaempferol-7-O-p-D-galactopyranosyl (l—>4) rhamno-
pyranoside (l) and two known flavanol glycosides Quercetin-3-O-p-
D-glucopyranosyl (l—>6) rhamnopyranosirie (ll) and Myricetin-3-O-
fi-D-rhamnopyranoside (ill) from the leaves of Cassia biflora Linn, 
Loaves ol CaM.ia t)ll 1 oia" wcj c fHO(.ui(Hl 1 j oni A.M.M. Cairipur,, 
India^were exhaustively extracted with methanol. The mPty»anolic 
extiact was concentrated under diminished pressure to a dark 
viscous mass which was then digested succesively with petrol and 
benzene. The brown residue left behind was subjected to column 
chromatography over silica gel. The fraction eluted with EtOAc 
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gave t h r e e brown spots which were separa ted by p repa ra t ive TLC 
over s i l i c a gel using benzene-methanol-acet ic ac id , 45 :10 :8 , as 
developing s o l v e n t s . They were l abe l l ed as CB-1, CB-2 and CB-3 
according t o t h e i r R^ v a l u e s . 
CB-1 
the first band was eluted with methanol to give CB-1. The 
glycosidic nature of the product (CB-l) was evidenced by positive 
Molisch test after hydrolysis and by the formation of osazone. 
Elemental analysis agreed to the molecular formula ^07^300,^. It 
gave Shinoda test and brown green colour with FeCl^ and A 
at 253sh, 265 and 365nm, Its IR spectrum displayed strong bands 
at 3445 (OH), 1640 (C=0), 2945 (C-H) and a broad band at 1110-1020 
indicating its 0-glycosidic nature. Colour reactions and UV data 
with diagnostic shifts reagents * suggested that CB-1 is a fla-
vonol glycoside with free hydroxyls at 3,5 and 4' positions. No 
shift with fused NaOAc ruled out the possibility of a free hydroxyl 
group at 7-position. 
The glycoside formed a nonaacetate derivative. H-NMR 
spectrum of acetylated glycoside (la) (Fig.l, Table-l) showed 
three aromatic and six aliphatic acetoxyl signals in the range 
of d 1.84-2.46 [as it showed to be a diglycoside]. Two ortho 
coupled doublets at d 8.20 and d 7.35 (j = 9.0Hz, each) which 
corresponded to A2B2'pattern were assigned to C-2',6' and C-3',5' 




d 7.03 (j = 2.5Hz, each) were attributed to C-8 and C-6 protons 
respectively. The anomeric protons at d 5.86 (J = 9,0Hz) and 
d A,67 (J = l,2Hz) were assigned to H-1'• of galactose (p-confi-
guratlon) and H-1'• rhamnose (a-configuration) respectively. 
The rhamnosyl methyl appeared as a doublet at 6 0.89 (J = 6.5Hz) 
The remaining sugar protons were observed in the range of 
d 3.74 - 5.86. 
TABLE ~ 1 
Assignment No. of protons Signals 
H-2',6' 2 8.20 (d, J = 9.0Hz) 
H-3',5' 2 7.35 (d, J = 9.0Hz) 
H-8 1 7.58 (d, J = 2.5Hz) 
H-6 1 7.03 (d, J = 2.5Hz) 
H-1"' galactose 1 5.86 (d, J = 9.0Hz) 
H-1" rhamnose 1 4.67 (d, J = 1.2Hz) 
Sugar protons 12 3.74 - 5.86 (m) 
F\hamnosyl CH^ 3 0.89 (d, J = 6.5Hz) 
Aromatic OAc-5',7,3 9 2.46 - 2.32 (m) 
Aliphatic 6 OAc 18 1.84 - 2.22 (m) 
s = singlet, d = doublet, m = multiplet, spectrum run in CDCl^ 
at 270 MHz, TMS as internal standard (ti-scale). 
CB-1 on hydrolysis with 7% Aq, HCl yielded an equimol 
quantities of D-galactose and L-rhamnose (PC and GLC) and an 
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aglycone, m.p. 280-81° characterized as Kaempferol (lb) by 
spectral and chromatographic comparison with authentic sample . 
The mass spectrum of the acetylated glycoside (Scheme-1) 
was in agreement with the assigned structure of the glycoside. 
The. mass spectrum showed the presence of acetylated deoxyhexo-
pyranoside, m/z 273 and acetylated hexopyranoside m/z 331 respec-
tively. The fragment ion observed at m/z 642 accounted for the 
loss of hexopyranoside from the molecular ion. The loss of 
acetylated disaccharide from the molecular ion gave a fragment 
ion at m/z 412. The aglycone fragment was observed at m/z 286. 
A retro-Diels-Alder fragmentation was observed at m/z 153 and 121, 
leading to the fragments [A,+H] * and [B2] . The results suppor-
ted the presence of two hydroxyl groups in ring-A and one hydroxyl 
group in ring-B. 
Kuhn methylation (CH^l/Ag^^O, DMF) of qlycosido (l) foHowod 
by acid hydrolysis gave a partially methylated aglycone, wtiich 
gave a bathochromic shift of 11 nm in band II wl.Lli NaOAc confir-
ming that the C-7 hydroxyl which was glycosylated in glycoside 
and become free. This also indicates the presence of both sugars 
at C-7 position. The partial methyl ether (ic) was identified 
as m.p. 278-80°, 7-OH, 3,b,4«-tri-0-methyl flavonol by spectral 
and co-chromatography with authentic sample . The mpthylated 
sugars were identified as 2,3,4,6-tetra-O-methyl-D-galactose and 
2,3-di-O-methyl-L-rhamnose by SiO^ TLC according to Petek . 
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The formation of these methylated sugars Indicated the disaccha-
ride to be galactosyl (l—>4) rhamnose. This is further confirmed 
by the fact that the glycoside failed to reduce Fehling's solu-
tion and gave a positive test with aniline hydrogen pthalate 
reagent indicated that the reducing groups of both sugars were 
linked. The reducing group at C-1 of rhamnose is therefore 
linked to the aglycone, and reducing group at C-1 of glucose is 
linked to rhamnose moiety at C~4. 
Enzymatic hydrolysis of CB-1 with diastase gave a 
disaccharide showed an a-linkage between rhamnose and the 
aglycone. However, the hydrolysis of (CB-1) with p-galactosidase 
gave only D-galactose showing it to be a terminal and ^-linked 
with rhamnose. On the basis of these data, compound (CB-1) 
was identified as Kaempferol-7-O-p-D-galactopyranosyl (1—>4) 
a-L-rhamnopyranoside, which is a new natural product (l). 
[Accepted in Fitoterapia. 21st Jan. 1991]. 
CB--2 
( lb ) R-*- = R^ 
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R2 = R"^  = H 
( Ic ) R-'-^  R^ = R^ = CH^, R^ = H 
CB-2 (II) a pale yellow solid, m.p, 187-88° gave positive 
4 
Shinoda and Molisch tests. The chromatographic spot appeared 
deep purple under UV light which turned yellow with ammonia, 
indicating it to be a flavonoid glycoside. UV absorption data 
5 6 
and spectral shifts with diagnostic reagents * indicated the 
presence of free 7-OH, 5-OH and 3*,4'-orthodihyHroxy1 groups in 
CB-2. On complete hydrolysis with 8?^  alcoholic HCl, it gave 
quercetin (lla) glucose and rhamnose. The sugais were idontilled 
by PC and quercetin by m.m.p., comparison of its R^ value and UV 
spectral data with authentic sniiiplo. Partial hyflrolysls of Cn-2 
with 1% H2S0^ for 1 hour yielded a glycoside, (lib) and 
rhamnose. lib on further hydrolysis (acidic and enzymatic) 
afforded quercetin and D-glucose. D-glucose was identified by 
PC. The UV spectrum of the aglycone (lla) quercetin was 
almost similar to that of (II) and . (lib) except lor the 
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presence of f ree-3-hydroxyl (bathochromic s h i f t in Band-I, acid 
s t a b l e complex foi-maLion with AlCl^) whicti must t h f r e fo re be 
g lycosyla ted in IIt>,, l i b " was thus i d e n t i f i e d as q u e r c e t i n - 3 -
0-p-D-glucos ide . The above t reatment a l s o showed t h a t the two 
sugars must be in the d i saccha r ide from l inked to only one 
pos i t i on of the aglycone (C-3 of que rce t in ) with rhamnose as 
the t e rmina l sugar. 
Ace ty la t ion of CB--2 with Ac^O/Py afforded an a c e t a t e , ( l i e ) 
m.p, 135°, The r e s u l t s of H-NMR spectrum of the a c e t a t e CB-2 
are recorded in the Tab le -2 . 
TABLE - 2 


















• (rhamncsyl proton) 
•(rhamnosyl C-1 proton)l 
,3*•,4''(glucosyl) ^ 
•,3«•',4«••(rhamnosyl) 
(glucosyl C-1 proton) 1 
6.84 (d, J=2.bHz) 
7.32 (d, J=2.5Hz) 
7.35 (d, J=9Hz) 
8.02(q,J=2.5Hz and VHz) 
7.95(d, J=2.5Hz) 
3.35-3.60 (m) 
4.52 (d, Jgg=2Hz) 
5.05-5.30 




Rhamnosyl methyl (H-6'*•) 3 0.91 (m) 
4 Phenolic acetoxyls 12 2.30-2.45 
6 Aliphatic acetoxyls 18 1.92-2.15 
s = singlet, d = doublet, q = quarter, spectrum run in CDCl^ at 
60 MHz, TMS as internal standard (d-scale). 
The H-NMR spectrum (Fig, 3) showed the presence of four 
phenolic and six sugar acetoxyls confirming CB-2 to be a disa-
ccharide glycoside, an ABX pattern due to a 3',4'-disubstitution 
as a doublet at d 7.95 (j = 2.5Hz), a doublet at d 7.35 (j=9Hz; 
and a double doublet at 6 8.02 (J = 2.5Hz and 9Hz) assigned to 
H-2', H-5' and H-6', respectively. The 5,7-disubstitution pattern 
was demonstrated by the presence of two doublets at d 6.84 and 
7.32 each with metacoupling (J=2.5Hz), ascribed to H-6 and H-8, 
respectively. A multiplet centered at 0.91 and a doublet at 4.52 
(J=2Hz) were assigned to rhamnose methyl and rhamnose C-1, protons 
respectively. The chemical shift of rhamnose C-1 proton (H-l'*'j 
(0 4.52) conipari-d VJith that reported for a rhamnosp directly 
attached to an aglycone (0 5.60) indicated that rhamnose should 
be a second moiety of a rhamnosyl-glucosyl disaccharide. The 
anomerlc proton (H-l*') of glucose appeared as a doublet at d 5.3b 
(j=7Hz). This chemical shift confirmed the direct attachment of 
the glucose to the aglycone and the diaxial coupling (J=7Hz) 
between H-1'' and H-2'' indicated ^-configuration. Only two 







(6- and 2-0-a-L-rhamnopyranosyl-D-glucopyranose) respectively 
are reported in the naturally occurring flavonoid glycosides. 
Their H-NMR spectra are characteristically different in the 
position of the signals of the rhamnose C-1 proton. In the former 
it appears at about 6 4.45 and in the latter at about d 4.95. 
In our case, it appeared at d 4.52 (d, J=2Hz) indicative of a 
rutinoside. The rhamnose methyl signal which appeared as multi-
plet at d 0.91 also suggested the rutinose moiety as this signal 
commonly appears as a complex multiplet at d 0.80-0.95 in 
rutinosides and as a double at d 1.1-1.2 (J=6Hz) in neohesperido-
sides. Thus C-1 of rhamnose was linked to C-6 of glucose and 
C-1 of glucose was linked to C-3 of aglycone, both having pyranose 
structures with a- and p-configurations respectively. CB-2 on 
permethylation by Hakomori's method followed by hydrolysis afforded 
quercetin-5,7,3',4'-tetra-0-methyl ether (m.p. 194-95°) (lid), 
2,3,4-tri-O-methyl-L-rhamnose and 2,3,4-tri-O-methyl-D-glucose. 
The partially methylated sucjars were Identified by compnrlr.on 
with authentic samples (R^ and shade on Si-gel TLC). The aqlycone 
with AlCl^ showed a bathochromic shift of 60 nm confirming furthor 
its 3-glycosylation, 




( I I ) R = H 
( l i e ) R = Ac 
OR' 
cl^ 20H 




CB-3 (III), a pale yellow solid, m.p. 195-9o^C, gave dark 
green ferric colour and positive colour tests for flavonoid 
glycoside . Acid hydrolysis with 8% aq. HCl gave myricetin(Ilia) 
and L-rhamnose identified by chromatographic and spectral studies. 
The ring size of the sugar and the point and nature of its linkage 
were established by chromatographic and UV and H-NMR spectral 
studies of the hydrolysed products of permethylaLod aglycoside 
and of the acetylated glycoside (lllb). The results of H-NMFi 
studies of (Illb) are shown in Table-3, 
TABLE - 3 
Assignments No. of protons Signals 
H-6 1 6.78 (d, J=2.bHz) 
H-8 1 7.24 (d, J=2.5Hz) 
H-2\6' 2 7.70 (s) 
3 Alcoholic acetoxyls 9 1.95-2.12 (s) 
5 Phenolic acetoxyls 15 2.25-2.45 (s) 
Anomeric proton (H-1'') 1 5.60 (d, J=2Hz) 
H-5' • 1 3.60 - 4.0 (m) 
H-2'«,3'•.4«' 3 4.50 - 5.0 (m) 
Rhamnosyl methyl 3 0.90 (d, J=6Hz) 
s = singlet, d = doublet, spectrum run in CDCI3 at 60 MHz, TMS 
as internal standard (d~scale). 
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The H-NMR spectrum of the acetate of CB~3 (lllb) showed 
three alcoholic acetoxyla between <J 1.V5 - 2.12 and five phenolic 
acetoxyls between 6 2.25 - 2.45, a rhamnosyl methyl doublet at 
d 0.90 (J=6Hz), aromatic proton signals at d 6.78 and 7,24 
(d, J=2.5Hz) for H-6 and H-8 respectively and two proton singlet 
at d 7.7 for H-2',6', thus confirming that the compound was 
myricetin monorhamnoside. The rhamnose C-1 proton at 6 5.60 
appeared as a doublet with J=2 Hz, due to equitorial-equitorial 
coupling with H--2'', showing thereby that the rhamnose formed an 
a-linkage. The permethylated glycoside on hydrolysis afforded 
2,3,4-tri"-0--methyl-L-rhamnose and myricetin-5,7,3',4', 5*-penta-
methyl ether (lllc), m.p. 224-25°, vvhich with AlCl^ showed a 
bathochromic shift of 60 nm in Band-I absorption, suggesting the 
glycosidation at C-3. Release of 2,3,4-tri-O-methyl-L-rhamnose 
suggested the pyranose from of the sugar. Thus the glycoside 
CB-3 was characterized as myricetin-3-O-a-L-rhamnopyranoside (III) 
(III ) R = H 
( Illb ) R = Ac 
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( Ilia ) R^ = R2 = R3 ^  R4 ^  j^5 ^  ^ 6 ^  j^  
( IIIc ) R^ = R2 = R3 . R5 ^  ^ 6^ ^  ^^^^ ^4 ^ ,_, 
EXPERIMENTAL 
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Extraction of the leaves of Cassia biflora (Leguminosae) 
Leaves of Cassia biflora (10 kg) were collected from 
Botany Department of Aligarh Muslim University, Aliyarh, India. 
The methanol extract of the air dried leaves were evaporated to 
a dark brown residue, after extraction with petrol and benzene 
was subjected to column chromatography over silica gel. The 
fraction eluted with EtOAc gave three brown spots which were 
separated by preparative TLC over silica gel, using benzene-
methanol-acetic acid, 45:10:8 as developing solvent. 
CB-1 
It was eluted from band I with methanol and crystallized 
o from chlorolorm-methanol as shining yellow needles; m.p. 275 , 
R^ 0.68. 
Anal. Calcd. for ^oi^sd^lb 
Found 







: C, 54.71; H, 5.05 
: C, 54.75; H, 5.10%, 
253sh, 265, 365 
253sh, 265, 370 
262, 375, 419sh 
269, 299sh, 424 
259sh, 299sh, 410, 424 




3445 (OH), 1640 (C=0), 2945 (C-H), 1110-1020 (O-Glu). 
Acetvlatlon of CB~1 
The glycoside CB-1 (75 mg) was acetylated with acetic 
anhydride (5 ml) and pyridine (2 ml) and the reaction mixture 
was kept at room temperature for 2 hours and poured in crushed 
ice water. The residue was filtered, washed well with dist. 
water and dried. It afforded a nonaacetate derivative, as 
cream coloured needles (lb), m.p. 135 . 
UV /\ (MeOH) : 265, 295, 348sh, 375. 
^^* Vmax ^^"^ • •'•^^°' 2950, 1100-1020, 
•'^H-N^AR (270 MHz, in CDCI3) : (Values in ci-scale) 
8.20 (2H, d, J=9.0Hz, H-2',6'), 7.35 (2H, d, J = 9.0H7., 
H-3',5«), 7.58 (IH, d, J = 2.5Hz, H-8), 7.03 (IH, d, J = 2.5Hz, 
H-6), 3.74-5.86 (12H, m, sugar protons), 5.86 (IH, d, J=9.0Hz, 
H-1'*' galactose), 4.67 (IH, d, J = 1.2Hz, H-1" rhamnose), 
0.89 (3H, d, J=6.5Hz, rhamnosyl methyl), 2.46-2.32 (9H, m, OAc-5', 
7,3), 1.84-2.22 (18H, m, aliphatic acetoxyls), 
MS data t m/z 
iM"*"-] absent, 642 [(M'*'*)-gal (Ac)J +H"^ -, Cgj^Hg^O^^]"^*, 
412 [642-rham (Ac)2+H'*']"^ * , 370 [412-Ac' +H]'^\ 286 [Aglycone 
fragment] ; 331 [Gal (Ac)^"^], 231 [rham (Ac)2'^], 153 [A^^+H]"*"*, 
121 [B2] . 
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Acid hydrolysis of glycoside CB-1 
CB-1 (55 mg) with 7% HCl (10 ml) was refluxed for 45 minutes 
at 100° on a water bath. The reaction mixture was extracted with 
EtOAc, The ethylacetate soluble portion contain aglycone which 
on crystallization with CHClo-MeOH gave shining yellow needles , 
m.p. 280-82° and characterized as ka< 
chromatography with authentic sample. 
A 
 aempferol by spectral and co-




Methvlation of CB--1 
253, 294, 367 
264, 303, 387 
265, 301, 385 
The compound (20 mg) in dry acetone (25 ml) was refluxed 
with dimethylsulphate (0.4 ml) and freshly ignited potassium 
carbonate (l ym) for 30 hours. After usual workup, the solid 
obtained was crystallized from ethyl acetate as colourless 
needles (9 mg), m.p. >137°. 
•^ H-NMR (CDCI3) : Values on d-scale 
8.24 (2H, d, J=9.0Hz, H-2',6'), 7.18 (2H, d, J = 9.0Hz, 
H-3',5'), 6.86 (IH, d, J = 2.5Hz, H-8), 6.60 (IH, d, J=2.5Hz, 
H-6), 3.86-3.90 (12H, m, OCH3-3,b,7,4«). 
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Identification of sugars 
The aqueous hydrolysate which contain sugar was neutralized 
in vacuum over KOH pellets. The sugars were identified chromato-
graphically in two solvent system, viz. n-butanol-acetic acid-
water (4:1:5) and n-butanol~water-ethanol (60:20.5:16.5). Using 
authentic sugars as checks. Anilline hydrogen pthallate and 
p-anisldlne phosphate solutions were used as spray reagents. The 
chromatogram showed the presence of galactose and rhamnose as 
the sugars. 
GLC of TMSl ether derivative 
The TMSi ether derivatives of sugars were prepared by 
taking neutral aqueous hydrolysate (10 mg) in dry pyridine, 
and added to this solution hexamethyldisilazane (1 ml) and tri-
methyl-chlorosilazane (0.5 ml). The reaction mixture was kept 
for 10 minutes and subjected to GLC over 3% OV-1 on silinized 
chromosorb W operated at 180 , helium flow rate at 35 ml/min. 
The Rt (min) observed for investigated TMSi derivatives corres-
ponds to a- and /3-rhamnose (0.21, 0,28) and a- and ^-galactose 
(0.57, 0.69). The observed Rt values were in agreement with 
those of an authentic sample of rhamnose and galactose. 
Methylation of CB-1 followed by acid hydrolysis 
CH^I (l ml) and Ag20 (300 mg) were added to the solution of 
glycoside (30 my) in DMF (3 ml). The rnixluro war. r.LljrPcl in 
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dark at room temperature for 48 hours.. The contents were 
filtered and the residue washed with little of DMF. The 
filtrate was evaporated to dryness and the residue was treated 
with ethanol (20 ml). The alcohol was recovered and the sirupy 
residue was hydrolysed by heating with 7% HCl. On usual workup 
it gave 7-OH, 3,5,4*-trimethoxyflavone, m.p. 278-80°, 
Anal. Calcd. for Cj^ gH^ ^^ O^  : C, 65.85j H, 4.87 
Found ; C, 65.96; H, 4.989^ . 
UV data: / nm /* Rax 
MeOH 262, 275sh, 380 
NaOAc 273, 306, 375 
The methylated sugars were identified as 2,3,4,6-tetra-O-
methyl-D-galactose, m.p. 75° (a)j^  + 149 > 117 (H2O) and 
2,3rdi~0-methyl-L-rhamnose, sirup, (a)^. + 47.6 (H2O). 
Enzymatic hydrolysis of CB~1 
A mixture of glycoside CB-1 was incubated over night with 
^-galactosidase in NaOAc-HOAc buffer (pH 6.5) at 27°. The 
reaction mixture on adding water was extracted with n-BuOH. 
The n~BuOH extract was chromatographed over silica gel column 
to give a partial glycoside, m.p. 228-30 which was characterized 
9 
as kftempferol-7-O-a-L-rhamnoside and a sugar D-qalacLose wliich 
gave a galactosazone, m.p. 201°, (a)jj+82° (H2O). 
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Estimation of sugar: 
The anhydrous glycoside (22 mg) was hydrolysed by refluxing 
with 2% H^SO. for 2 hours. After cooling over night the aglycone 
Was dried and weighed (10.9 mq). The ratio of the q.lycosAde to 
aglycone was found to be 45.9% thus indicating the presence of 
two moles of sugar/mole of aglycone i.e. 1 mole each of galactose 
and rhamnose. 
CB-2 
I t was e lu ted from band I I , w i t h methanol and c r y s t a l l i z e d 













Acetylntion of CB-g 
258, 265sh, 298sh, 359 
170, 328, 407 
276, 432 
270, 303sh, 401 
273, 323, 389 
263, 301, 383 
CB-2 (50 mg) was acetylated with acetic anhydride (3 ml) 
and pyridine (1,5 ml). It gave a decaacetate, m.p. 135°. 
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^H-NMR (CDCI3, 270 miz) d-scale 
6.84 (IH, d, J = 2.5Hz, H-6), 7.32 (IH, d, J = 2.5Hz, H-8), 
7.35 (IH, d, J = 9Hz, H-5«), 8.02 (IH, dd, J = 2.5Hz and J=9Hz, 
H-6'), 7.95 (IH, d, J=2.5Hz, H~2'), 3.35-3,60 L^H, m, H-5,6 
(glucosyl), H-5 (rhamnosyl)], 4.52 (IH, d, J=2Hz, rhamnosyl,H-l«•), 
5.05-5.30 (6H, H-2,3,4-glucosyl, H-2,3,4-rhamnosyl), 5.35 (lH,d, 
J = 7Hz, H-l*'« glucosyl), 0.91 (3H, m, rhamnosyl methyl), 
l.9'^ -2.ib (1811, 5lx alcoholic acetoxyls), 2,3u-y>.Ai) (l'->ll, lout-
phenolic acetoxyls). 
Hydrolysis of CB-2 
The glycoside (25 mg) was refluxed with 7% HCl for 2 hours 
at 100°. The mixture was left over night. The aglycone was 
filtered washed well with water and dried. The crude product 
on crystallization from methanol gave yellow needles (10 mg), 
m.p. 315*^. It showed no depresion in melting p6int on admixture 
with an authentic sample of quercetin. 
Anal. Calcd. for Cj^ H^j^ O^^  t C, 59.60; H, 3.31 
Found : C, 59.70? H, 3.42%. 
identification of sugars 
The aqueous hydrolysate after removing last traces of 
aglycone was concentrated to a sirup in vacuum over KOH pellets. 
The sugars were identified by paper chromatography in two 
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different solvent systems namely, n-butanol-acetic acid-water 
(4:li5) (upper layer) and n-butanol-water-ethanol (60:28.5:16.5) 
using authentic sugars as check. The R^-values of sugars were 
identical with those of glucose (0.18, O.IO) and rhamnose (0,37, 
0.28). 
Kuhn methvlation of CB~2 followed by acid hydrolysis 
CH2I (1 ml) and Ag20 (300 mg) were added to Lho solution of 
glycoside (30 mg) in DMF (3 ml). The mixture was stirred in dark 
at room temperature for 48 hours. The contents were filtered 
and the residue washed with little of DMF. The fliterate was 
evaporated to dryness and the residue was treated with ethanol 
(25 ml). The alcohol was recovered and the sirupy residue was 
hydrolysed by heating with 0.3N HCl. On usual work up it gave 
quercetin 5,7,3',4'-tetramethyl ether, m.p. 194-96°. 
A "'ax UV data: A „^^ nm 
MeOH 2S2, 359 
NaOAc 253, 262 
NaOAc/HgBO^ 251, 360 
AICI3 261, 419 
AICI3/HCI 260, 419 
The methylated sugars were Identified as 2,3,4-tri-O-
methyl-D-glucose and 2,3,4-tri-O-methyl-L-rhamnose by TLC 
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(Si-gel, Toluene-MeOH, 4:1) by comparison of R^-value of the 
same sugars. 
Estimation of sugars 
The anhydrous glycoside (35 mg) was hydrolysed by refluxing 
for two hours with 2% H^SO^. After cooling over night, the 
aglycone was filtered, washed, dried and weighed (15.6 mg). Thus 
the ratio of the aglycone to the glycoside is 44.7?^  and this 
ratio indicates the presence of two moles of sugar per mole of 
aglycone. 
CB-3 
It was eluted from band III with methanol and crystallized 
from methanol as yellow brown crystals, m.p. 194-96 • 

















It was acetylated with Ac^O/Py and worked up in usual 
manner. On acetylation it gave a octaacetate derivative, 
m.p. 139°. 
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•^ H-NMR (CDCI3) : Values on d-scale 
6.78 (IH, d, J = 2.5Hz, H-6), 7.24 (IH, d, J = 2.5Hz, H-8), 
7.70 (2H, s, H-2',6'), 1.95-2.12 (9H, s, alcoholic 3xOAc), 2.25-
2.45 (15H, s, phenolic SxOAc), 0.90 (3H, d, J = 6Hz, rhamnosyl 
methyl), 5.60 (IH, d, J=2Hz, H-1'•rhamnosyl), 3.60-4.0 (IH, m, 
H- 5 " ) , 4.50-5.00 (3H, m, H-2'', 3« ', 4'• rhamnosyl). 
Acid hydrolysis of CB-3 
CB-3 was hydrolysed as described earlier to give cream 
coloured needless, m.p. 357-58 , The aglycone was identified as 
myricetin by m.p., m.m.p,, R^, co-chromatography with authentic 
sample. 
Identification of sugars 
The aqueous neutral hydrolysate was subjected to paper 
chromatography on Whatman No. 1 in two different solvent systems 
namely, n-BuOH-acetic-water (4:1;5) and n-butanol-water-ethanol 
(60:28.4:16.5) using authentic sugars as check. The R^-values 
of sugar was identical with those of rfiamnose (0.37, 0.28). 
Permethylation of CB-3 followed by acid hydrolysis 
The glycoside (35 mg) was dissolved in dry acetone and 
refluxed with an excess of dimethyl sulphate (1.3 ml) and ignited 
potassium carbonate (3 gms) for 36 hours on a water bath. The 
IA2 
mixture was filtered and the residue was washed with hot acetone. 
After distilling off the solvent from the filterate a brown 
residue was left behind. The excess of dimethyl sulphate was 
removed by washing the methylated product several times with hot 
petroleum ether. It was hydrolysed by heating with 7% H^SO. for 
two hours. The reaction mixture was left over night, a faintly 
yellowish powder separated out. It was filtered washed with 
Water and dried. On crystallization trom mctiiiuiol it gave r.traw 
coloured needles, mvp. 226°, identified as 5,7,3',4',5'-penta-
methyl ether. The methylated sugar was identified as 2,3,4-tri-O-
methyl-L~rhamnose. 
Estimation of sugar 
The anhydrous glycoside (22.'J mg) was hydrolysed by refluxing 
for 2 hours with 2% H2SO.. After over night, the aglycone was 
dried and weighed (14.8 mg). The ratio of aglycone to the glyco-
side, is 65.4% indicating the presence of one mole of sugar per 
mole of aglycone. 
The quantitative estimation of sugar by Somogyir. copper 
micro method gave the value (0.44 ml) which corresponds to 1 mole 
of sugar per mole of aglycone. 
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